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MlNUTES OF PROCEEDINGS 

OF 

THE GEOLOGICAL SOCIETY 

OF SOUTH AFRICA. 

1905. 



Aiinual (ieiieral Meeting, held in the Council Chamber, 
Chamber o£ Mines, Johannesburg, on Monday, 30th 
January, 1905, at 8 p.m., Mr. A. 11. Sawyer, President, 
in the chair. 

The President having announced that the necessary quorum was 
present, the Secretary read the notice convening the Meeting, and the 
Minutes of the Eighth Annual Meeting, held on the 8th February, 1904, 
were read and coníirnied. 

The Annual lleport was presented, and, on thc motion of Dr. F. H. 
Hatch, taken as read. 

Annnal Beport o/ CouncU for tlie Year ended SJst December, 1904* 

MEMBERSniP. 

During the year under'review three Members have resigned and four 
have been removed from the list, in accordance with the rules of the 
Society. 

The Council regrets to report the decoase of two Members during the 
past year, namely, Messrs. D. Dorffel and Horatio Collins, and of 
one Honorary Member, M. Jules Garnier. 

The number of New Members elected who have qualified for Mem- 
bership during the year is 127, and the total number of Members now 
stands at 263, showing a net increase of 118 Members over last yearV 
total. 
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J\. • PROCEKDINGS OF THE GEOLOGICAL 800IETY OF SOUTH AFRICA. 

MONTHLT MEETINGS. 

The Monthly Meetings of Members have been held in the Council 
Chaniber, Chamber of Mines, and the thanks of the Society are due to 
the Executive of the Chamber for their kindness in allowing the use of 
thia room. 

LÏBRART. 

The Honorary Librarian, Mr. H. Luttman-Johnson, reports as 
follows : — ** The Library has been considerably increased during thc 
past year by the addition of donations and exchanges, of which the 
following is the list : — 

PreHented by ooKATiONfi. 

Aburrow, C. 

Qnarterly Journal of the Geological Society of London, voL 46, 1890 ; 
voL 47, 1891 ; voL 48, 1892 ; vol. 49, 1893 ; voL 50, 1894 ; voL 51, 1895 ; 
voL 52, 1896 ; voL 54, 1898 ; vol. 56, 1900 ; vol. 57, 1901 ; voL 58, 1902 ; 
vol. 59, 1903; vol. 60, 1904. List of Members of the (^eological 
Society of London, 1900 and 1901. 

British Museum, Trustees of the. 

Catalogiie of Fossil Maninialia, parts 1-5 ; Catalogne of Fossil Bii'ds, 
1891; Catalof^iie of Fossil Reptilia, parts 1-4; Catalo^ne of Fossií 
Fishes, parts 1 -4 ; List of Edwards* Collection of Brítish OIigo<íene and 
Eocene Mollusca ; Catalogiie of Tertiary Mollusca, IMirt 1, 1897 ; 
Catalogue of Fossil Cephalopoda, parts 1-3 ; List of Types of Fossil 
CephaloiKxla, 1898; Catalogue of British Fossil Cnistacea, 1877; Cata- 
logue of Fossil liryozoa — Juraaaic and Cretaceous ; Catalogue of 
Blastoidea, 1886 ; (ienera and Species of Blastoidea, 1899 ; Catalogiie of 
Mesozoic Plants, parts 1-4 ; Catalogue of Palícozoic Plants, 1886 ; (iuide 
to Fos8Íl Heptiles and Fishes, 1896 ; Guide to Mineral (iallery, 1903 ; 
Students' Inaex to Minerals, 1903 ; Introduction to Study of \tinerals, 
1903 ; Rocks, 1898 ; Meteorites, 1904 ; Directions for CoIIecting and 
PreserWng Fossils and Minerals, 1903 ; (iuide to Fossil Maninials and 
Birds, 1904 ; Guide to Fossil Invertebrates and Plants, parts 1 an<l 2, 1897. 

Calderwood, J. M. 

Map of the Klerksdorp Goldfields. 

Chamber of Mines, Transvaal. 

Fourteenth Annual Report. 

DORFKEL, D. (T^te). 

** The Balnioral Colwilt Lodes,*' hy D. Dorflel. 
DUNN, E. J. 

"The Auriferous Sandstones of Chiltern," hy E. J. Dunn. 
Eaton, G. F. 

•* Characters of Pteranodon," hy (1. F. Eaton. 

Institute of Minino and Metallurgv. 

Advance Proofs of Papers read at Mectin;,'?». 
Ixternational Conoress of France. 

*' Experience sur la Denudation im-r dÍHsoIution dans Teau douce et dans 

Feau de mer." 

KoNioLicHE Pbeussische Geologische Landrsanstalt und 
Bergakademie, Berlin. 

Jahrbucher, 1880-1902. 
Lacroix, Professor. 

*' Sur la production des roches quartzifêres au couis de I'eniption de la 

Montagne Pelée," by Professor Lacroix. 

Marriott, H. F. 

'* Alphahetioal Index of Farnis of tlie Transvaivl," hy IL F. Marriott, 
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REPUHT OF THE HONORAHY LIBRARIAN. Hl. 

Preeentcd by 
MOURLON, MlCHEL. 

** Encore iiii Mot sur lcs Travaux du Service (í«3ologi<iue de Belgiíjue," by 
Michel Mourlon. 

United States Coast Survey. 

Terrestrial Magnetisni and Atniosplieric Electricity, voL ix., Nos. 1, 
2 and 3. 

SlMOENS, G. 

**Répon8e aux Critiques au sujet de la Bibliographia (Jéologica," by 
O. Sunoens. 

ROYAL DUBLIN SOCIETY. 

Transactions, vol. 8, series 2 ; voL 9, parts 3 and 4 ; vol. 10 (N.S.), part ) ; 
vol. 10, part 1. 

Sawyeh, A. R. 

**The Portuguese Manica Cíohlfield," by A. R. Sawyer. 

** Further Reniarks on the Portuguese Manica (loldfiehl," by A. R. Sawyer. 

WarI), ProfcKsor H. A. 

(^atalogue of the Wanl-Coonley Coliection of Meteorites," by Professor 
H. A. WanL 

YoUNfí, Pi-ofeHMor R. B. 

** The Igneous Rucks (»f East L jthiaji," by IVufessor R. B. Young. 

KXCIIAXOIW. 

A nicnra. 
Kecciveíl froiii 

(ÍEOLOGICAL INSTITUTE UK MEXIt'd. 

Tmnsactions, voL 1, parts 1, 2 aiid 3. 

MUSEO MlCIIOACANO, MoRELIA, MEXICO. 

** Rclacion dc las Cerciiionias de los Indios de la Provincia Mechuacan." 
Brooklyn Institute of Auts anií Sciences. 

Cohl Sprin*' Harliour ^lonograph, Nos. 1 and 2 ; Menioirs of Natural 

Sciences, vol. 1, No. 1. 

California Academy of Sciencfis. 

Proceedings ((jíeology), voL 1, Nos. 1-9 ; vol. 2, No. 1. 

Geolo<íical Survey of New Jersey. 

Annual Report, 1903 ; Rei)ort of State Geologist, 1902, vol. 5. 

(ÍEOLOÍÍICAL SURVEY OF OHIO. 

HuIÍetin No. I, OiÍ and (ías. 

Maryland Geol(k;ical Survey. 

** Cecil County " and ** (íarrett County." 

New York State Museum. 

Cieological Map of the State of Ncw York. 

United States (Íeolooical Survey. 

Bulletins, Nos. 191, 195-217 and 225-227 ; 22iul Annual Report, parts 
1-4 ; 23rd Annual Rcport ; 24tli Annual Report ; Mineral Resources of 
the Cnited States, 1901 -*2; Water Supplv and Irrigation Papers of 
the l^S. (Jeologicaí Survey, Nos. 65-92 ; Monographs, 44, 45 (and Atlas 
to acconipany Monograph, 45) and 46 ; I'rofessionaJ Papers, Nos. 9-21. 

United States National Museum. 

Non-Metallic Minerals h\ (í. P. Memll ; Catalogueof the Colle<'tion of 
Genis in the U.S. National Museuni ; Catalogue of the Meteorite 
CoUection ; The Persininion Creek Meteorite hy \\ irt Tassin. 

Asía. 
(ÍEOLOOICAL SURVEY OF INDIA. 

Recortls, vol. 31, parts 2 and 3 ; Menioirs, vol. 32, part 4 ; vol. 35, part 3 ; 
vol. 36, parts 2 and 3. 

Imperial University, Tokio, Japan. 

The Joumal of the College of Science, vol. 18, art. 6 ; vol. 19, art. 20 ; 
vol. 20, art. 2. 
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IV. PllOCKEDINGS UF TIIE GEOLOGlCAL SOCIETY OF SOUTH AFRICA. 

A ustralia. 
Rt'c-civeil froni 

(ÍKOLOGICAL SunVKY OF VlCTORIA. 

Rccords, vols. 1 aml 2; Memoirs, No. 1, Tlie Chilterii (loMHeld ; No. *2, 
Tlie (^Jistlcmainc (íoMfieM ; Bulletins, Nos. 1-13; (ieologieal Map of 
Victoria. 

(íkol(k;ical Survky of Wkstkrx Australia. 
Hnlletin, Nos. 11-13. 

Nkw Zealano Minks Dkpartment. 

lleiKirt on Mincrals antl Mininj,', 1903. 

Eurojtr. 

ROYAL ACADKMY OF SCIENCKS, AmsTKHDAM. 

Proceedinp*, vol. 6, 1903 ; and Hulletin, vol. 10, No. .">, 1904. 

(ÍKOL(Kil('AL, PALKON'TOUKÍICAL AND HyDROLOCICAL S(KÍKTY OF BkL(;IUM. 

Transactions, vol. 17, parts 1 G, 1903 ; vol. 18, parts 1, 2 aiid 3, 1904. 

(;kol(kíical Sík'iety of Rklgium. 

Transiictions, vol. 31, parts 1-3 ; Menioirs, vol. 2, part 1. 

(ÍKOLOGICAL S(K lETY OF LONDON. 

(^uartcrly .loumal, vol. 59, iwrts 1-4, Nos. -233-2;^; vol. 60, parts 1-4, 
Nos. 2.37-240: (icolo;íi<aI Litciaturc, Nos. 1-10, 1S94-1903 ; List (^f 
Mciiibcis of tlie (íc(>Io;;ical SiM-icty of Londoii, 1904 ; Cataloj^ue of 
Library. 
(;kol(kíical Survky of En(ílaxd and Walks. 
Sunimary of Proj^rcss for 1903. 

R(>YAI> (ÍKíKiRAPlIICAL S(JC1KTY. 

Ycar Rot>k and Recoid, 1904 ; Journals, .lanuary, 1904--Dcccml>cr, 1ÍK)4. 

NoRTH OF KN(íLAND InsTITUTK OF MlNIN(Í AND .MKCIIANICAL ENííINEKRS. 

Traiisactions, vol. .52, piirt 7 ; vol. r>3, parts 2 and 4 ; vol. 54, paits 1-6 ; 
Aiinual Rei>ort, 1903-4 ; Thc AnthraciUtion of Coal. 

KÍInkílichk Rrkussisciie (;eol(kiis('hk Landesanstalt und Rergakademie. 
.Jahrbuch, parts 1 and 2, 1903. 

1*ETERMANN's MlTTEILUNííEN. 

.January, 1904, ti> NoveiiiI>er, lí)04. 

FoNDATlON DE 1*. TeYLER, HaARLKM, HoLLAND. 

Archives du Muséc Tcylcr, scrics 2, vol. 8, parts 2.) ; Catalogue of 
Library, vol. 3, 1889-19()4. 

R. COMITATO (;EOL(KíICO D'ITALIA. 

Rulletin, vol. 3.), Nos. 1 and 2, 1904. 

(;kolo(iical Socikty of Italy. 

Rulletin, vol. 23, 1 and 2, 1904. 

SoKf/i Afriva. 
Aluany Muskum. 

Reconls, vol. 1, parts 1-3. 

CllKMICAL, MKTALLUR(íI('AL AND MlNlNd S(K'IKTY OF S.A. 

Journals, December, 1903 — NoveiiiI>er, 19(W. 
CoMMISSIONKR OF MlNKS, NATAL. 

Annual Repoits, líM)l-.3. 

(;k(>L(kiical Commission of tiik Capk of (;(k>d Hope 
Annual Rcport, 190,3. 

(;eolo(;ical Survey of Natal and Zululand. 
First and Second Repoits, 1903-4. 

(;eolo(iical Survey of the Transvaal. 
Report for the year 1903. 

(;0VERNMENT MlNINd ENí^íINKER, TrANSVAAL. 

Reiiort for half-ycar cndin»,' 31st Dcccmber, 1903. 
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tlEPOR'r OF THÊ MUSEUM COMMlTtEE. V. 

Soiith Afrka, — Continucd, 
Ileceived froin 

KHODESIA MUSEUM. 

Sccond Annual Keport, 1903 ; ïlie Geology of Southern KIioileHÍa. 

SoUTii African Museum. * 

Annal», vol. 4, parts 3-6. 

SouTH African Piiilosophical Society. 

Transactions, vcl. 13 ; vol. 14, part 5 ; vol. 15, paits 1 an«l 2. 

SouTH African Association of Engineers. 
Journals, 1904. 

The Transactions of the Society are sent in return to tlie several 
institutions mentioned above, and also to the foUowing : — 

The Con<^essionaI Lihrary, WaHhington. lí.S.A. 

(íeologiska ConnnÍHsionen i Finland, Helsingfors. 

(íeological Survey of New South Wales. Sydney. 

CfeoIogiciU Survey of New Jei*Hey. Trenton, N. Jersey. 

(íeologic^l Society of France. Paris. 

K.K. Geologische Keichsanstalt. Wien. 

Survey Departnient of E^pt. Cairo. 

SnntliHonian InMtitute, W aHiiington. T.S.A. 

Statc of Missouri Hurcau of (íeologv Hutl Minen. l'.S.A. 

State of l<»wa (íeological Siirvey. ('.S.A. 

South Kensington MuHeuni. 

liodleian Lihrary, Oxfor<I. 

UniverHÍty Lihrary, Canihri<lge. 

UniverHÍty of Lomlon Lihrary. 

l'niversity of Califoruia Lihrary. T.S.A. 

l'niversity of Minnesota. U.S.A. 

Oii account of the larjre Exchange List, the Librury is rapidly 
?issuniing conKÍderable proportions, and the present ofiice is inadequate 
for the proper storage of the books. It is hoped that space wiU be avail- 
able in the new Museuni on Pleiii Square. A catalogue of the books is 
iu preparation. 

MUSEUM. 

The Museuni Coinniittee, Drs. Corstorphine and Hatch, report as 
follows : — During the past year the Museuni was renioved from the 
Chaniber of Mines Buihling — where, by the courtesy of the Executivo 
of the Chaniber, it had been houscd for inany years — to the GeneraJ 
Mining and Finance Corporation Buihlings, Marshall Square, Johannes- 
burg. This change had beconie necessary, owing to the space occupied 
by the Museuni being required for other purposes by the Chainber. Th«r: 
collections of niinerals and rocks belonging to the Chaniber, which had 
l)een exhibited with the Society*s collection, have been presented to the 
Society by the Pjxecutive of the Chamber, which has also generously 
decided to niake a monthly contribution to the Society's funds, sufïicient 
to defray the rent of the room occupied by the Museum, as well as to pay 
the Curator's salary 

Mr. M. Weber was appointed Curator of the Museum on the 21st 
October last, and has been actively employed in arranging the collec- 
tions in the new apartments and in re-labelling the specimens. 

The Council of the Transvaal Technical Institute has arranged 
for the housing of the Society's collection as soon as the new buildings 
on Plein Square are completed. 
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VI. PROCEÊDINGS OP TME GEOLOGICAL SOCIETY OF SOUTH APRICA. 

ïlie foUowiiig specimeus have been presented during the year : — 

ProBcntedby 
Adams, C. 

AUuvial Tin from Kuils River, C.C. 
Carrick, J. T. * 

Specimens of **Re<l Bar" and '*Bird Reef " from New Florída ; Speciuiens 

oi Sandstone overlying Nigel Series of Reef. 
Chambër of Minks, Transvaal. 

Chamber of Mines Mineral and Rock Collections. 
Ellis, A. R. 

Bituminous Coal, Stormberg Series. 
EVANS, H. 

Micaccous Hematite, Palala, Waterberg. 
Frames, M. E. 

SpecimenMof Rocks ilhistrating Paper on Amsterdam (Transvaal) District 

and Neighbourliood. 
FULTON, D. M. 

Milleríte, Pietersburg. 
Grken, J. Dampier. 

Chalcocitc from Northcrn Transvaal ; Tin-stone from Cape Colony ; 

Naplitha in Quartz from De Wet'n Dorp ; Conglomerate with Hj'drocarbon 

from Van Ryn Leader ; Pinitoid Porpliyry, Busliveld ; (^uartz Crystal 

with Enclosure of Water (loan) ; Camotite. 
Hargku, H. S. 

Specimens of Schistose Amygdaloidal Diabase and Quartz jVniygdules 

from tlie Amygdaloidal Diíibase in the Bezuidenhout Valley. 
Hatch, F. H. 

(ieological Manof Johannesburgby Drs. F. H. HatchandG. S. Corstorphine ; 

Spccimens of Rock illustrating Paper on 01de.st Scdimentary Rocks of 

the TransvaaL 
Hatch, F. H., and Horwood, C. Barincí. 

Specimens of Rock from Balmoral (Transvaal). 
Havllar, H. F. 

Stonc Implement. 

Heicíht, S. B. 

Quartz Crystals from Walmanstliall, 116. 

JOHNSON, J. P. 

Specimens of Rock showing Dyke intrusion. 

Leslie, T. N. 

Photographs of Pahcolithic luiplements found at Vereeniging. 
Mkrewether, F. 

Native Stone Hammer from Palaljora. 

Olíver, J. E. 

(iarnet Cn'stals from Carnarvon, C.C. ; Erubescite from Pretoria 
District ; Clialcopyríte from Pretoría Distríct ; Mica from Piieska, C C. 

PlLLOW AND VAN COLLER. 

Amphibole, Blauwbank, Middelburg. 
SWORDEK, F. 

Fluoríte froin Blue John Miiie, Derbyshire. 
WlLSON, A. D., AUSTIN AND E. Brayshaw. 

Specimens of Tin Ore froni the farm Enkelsdoorn, Pretoría Distríct ; 

Tm Ingot (8í ozs.). 

NEW PAPERS. 

During the year under review the foUowing papers have been read, beuides 
those which coine under the heading of *^ Discussions on Papers Head " : — 
Auihor. 

Andrews, A. J. 

*' A Short Paper on the Absenceof Fossil Discoveríes in the Witwatersrand 
Beds." 
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PAPEBS READ. Vll. 

Author. 
CORSTORPHINE, DR. G. S. 

'*TheGeologic«il Relation of theOldGranite to the Witwatersrand Series.** 

IKÍRFFEL, D. 

**The Relation of the Buffelftdoorn Series to tlie Lower Witwatersrand 
Bed9 in the Klerk«dorp District." 
Framf-s, M. E. 

"Sonie Notes on the Geology of tlie Anisterdani Valley and the 
Surrounding Neighbourhooíl.'* 
Hatch, Dr. F. H. 

** Geology of the Marico DÍHtrict. " 

**The Ext^nsion of the Witwatersrand Beds Eastwards under the 

Dolomite Series, and the Ecca Beds of the Southem Transvual." 
**The Oldest Setlinientary Rocksof the Transvaal." 
Hatch and Corstorphine, Drs. 

'*The Geology of the Bezuidenhout Valley and the District East of 

JohannesDurg." 
"The Petrography of tlie Witwatersrand Conglomerates, with Special 
Reference to the Origin of the (iold." 
HoRWOOD, C. Barino. 

*'The Red Gmnite of Balnioral and its relation to the Cobalt Lodes." 
HOLMFJJ, G. G. 

** Some Notes on the Geology of the Northem Transvaal." 
** The Geology of a Part of Bechuanaland West of Vryhurg." 

JOHNSON, H. LUTTMAN. 

**Notes on the Geology of the Fortuna Valley, Heidell)erg, Transvaal." 
JOHNSON, J. P. 

**Stone Implements from beneath and ahove the alluvium of the Taaibosch 

Sprait." 
**Note8 on a Section through the Witwatersrand Beíls." 
** Note on the Stone Implements from Elandsfontein No. 1." 
JORIS.SEN, E. 

**0n the Occurrence of the Dolomite and Chert Series in tlie North- 

Eastern Part of the Rnstenburg District." 
** Notes on some Intmsive Granites in the Transvaal, the Orange River 
Colony and Swaziland." 
KUNTZ, J. 

**Copper Ore in South-West Africa." 
Marriott, H. F. 

**Notes on the Chemical C-omposition of the Hospital Hill Shales." 
Mellor, E. T. 
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XIV. PROCEEDINGS OF THE aEOLOGICAL SOCIETY OF SOUTH AFRICA. 

Mr. E. P. Rathbone fonnally moved the adoption of the Report and 
Accounts, and Mr. A. Brakhan, in seconding the motion, referred to the im- 
portance of the Society's work. He said the Society was not alone of very 
great value to the mining industry — of which it was a most intepral and 
important adjunct — but to the Colony of the Transvaal as a whole. The 
weahh of the «ountry was in the first instance built up from its minerals. 
Althout?h in the years gone by they had only looked to gohl as the 
minerai which was tlie greatest source of wealtli, yet of late, as they all 
knew, that mineral had been supplemented by precious stones, and the 
most wondrous discovery wliicli Iiad been made a few years ago of the 
Premier Diamond Mine had now cubninated in what some of them had 
seen that day.* What would they do without their geologist? They 
could only look at the surface of the ground, but the geologist, so to speak, 
looked into it. He knew that the proceedings of the Society were being 
very intently watched by geologieal societies all over the worhl, and not 
alone by those societies, but by everyone who took an interest in mining. 

The motion was then put to the Meeting, and carried unanimously. 



' Tiie Callinan Diamoiul— 3,024? carats. 
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Annivkksary Addresh by the President 
(Mr. A. R. Sawyer). 

Gëntlemen, 

ïhÍ8 is the secoiid time that I Iiave the pieasure oí' addressing 
you. Had it not been for the resignation of Dr. Molengraaff, whom I am 
sure we all welcome back amongst us, tliis pleasure and responsibility 
would not have fallen upon me. The yearly address should contain an 
impartial and correct account of the progress of South African geological 
pesearch niade during the year, and recorded in our Transactions and 
elsewhere. 

I will presently allude to the work whích has been done since the 
d:ite of my last address, but I wish first, as one of the original members, 
to allude to the founders of this Society, amongst whom Mr. David Draper 
hohls a conspicuous place. 

Although we liave progressed in our views, I venture to assert tliat 
these founders have done something towards breaking the ground, and 
Ihus facilitating the work of subsequent toiiers in the same field. 

The first Transactions, no doubt, contain matter which in the light 
of present day knowledge might be improved upon, and even corrected, 
but I think you will also find therein an amount of information which 
has not up to the present been controverted. 

Even during the past year we have had withdrawals of views from 
the defínite to the open stage, in view of further information; and all 
honour to those who so promptly notified such withdrawals. Sucli 
changes or subáequent suspension of views on further information again 
illustrate what I stated in my last address as to the tentative manner 
in which it were often better to express fresh views. 

It is possible that if a view be adopted and advanced too authori- 
tatively it may be taken as final b^ inany, and further research in the 
saine direction be retarded. 

Greology is so intimately connected with pro8|)ecting and mining 
ventures in this comparatively new country that it is a matter of great 
difficulty to restrain an inclination to depart at times from pure as 
distinct from apjdied or economic geology in the papers we offer to the 
Society. Most geologists in this country are connected with prospecting 
enterprises, in which the expenditure of much money is perhaps involved, 
and it Í8 not therefore uiinatural that some of the papers presented to 
this Society should be in the nature of forecasts, based on geological 
experience, presented with a view to elicit either the support or the 
timely criticism of such an important Society. 
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The object of this Society is the proinotiou of geological research, and 
a consideratioii of forecasts on which prospecting, an important branch 
of geological research, is based, falls in my opinion within this scope. 
A knowledge of the stratigraphical relation of our several series has 
been added to by each successive arrival of geologists in South Africa. 
The strides in this direction have not dimíiiished, and we may rely on 
the well-known geologists, who are now, or who were only quite recently, in 
our midst, for still greater knowledge. 

Much geological knowIe<lge has been indirectly obtained from bore- 
holes and jirospecting generally. This was, of course, not the object of 
those who supplied the means, thougli in many cases thcy understand the 
importance of the geological results obtained in influencing the laying 
out of further work. 

A few tliere are whose principnl object is, of course, to find payable 
mineral deposits, but wlio, at thc sanio time, are as keen as we are 
regardiiiíf tlie geologicnl rcsults obtained, and are just as anxious tliat 
no such data Hhould be lost to posterity. This they preserve for publicit- 
lion, of-course after the benefits resulting from their work have accrued 
to them. These men deserve the special thanks of the Society and of the 
country. 

The new Ordinance to regulate the mining of precious metals in 
tho Orangc River Colony, during the completion of which my 
assistance was askcd, contains provisions wherebv the Government may 
demand the riglit to insj^ect a drill core after it has been tested and 
examined by thosc for whom the core was obtained, which information I 
take it is held to bo as strictly confidential as that of the notice of 
discovery of precious metals. 

It 48 with the greatest difiidence that I would reject in the first 
instance any view which niay be contrary to the generally received 
opinion, as seemingly incorrect views on geological matters have 
eventually been found to be quite correct. Neither Agassiz nor William 
Smith was at first credited when they respectively stated that certain 
Kcratchings were due to ice-action, and that fossil shells were an aid to 
geological chronology. In tlie one case it was said that these scratchings 
were due to giants sliding down the rock surface with hob-nailed boots, 
and in the other, that tliese shclls had been dropped by pilgrims whilst 
travelling. 

The geological maps of South Africa which have been published show 
a great many outcrops of the older series trending, roughly, from west 
to east, ainl a few from north-east to south-west. Among these fornier I 
need hardly mention the Iland, the Vlakfontein syncline, and what I have 
lately called the Villiers anticline. 

It appears, therefore, that, as Professor Seely first stated on the 16th 
September, 1889, with reference to the Cape Colony :* ** \our country of 
South Africa has been heaved up from the sea by a great compressing 
force from the south."t This conipressing force was probably exerted 
moro than once during the succcvssive ages required to form our sub- 

t**8onie Scientilic Results of a Miasion to South Africa." Thc Tratisactions 
o/ the South Afriran Philosophicnl Sovicty, 



Digitized by 



Google 



ANNIVEE8ARY ADDRESS. XVU. 

• 

continent, and from an easterly, as well as from a southerly, direction. 
These successive tangential thrusts were most likely produced through 
the subsidence of the bed of the Indian Ocean, which yielded partly from 
the contraction of the earth's surface, partly owing to the vacancies or 
hóllows ptoduced beneath it through the outflow of lava along the cracks 
or iissures which aocompanied such contraction, and to some slight extent 
f rom the vast accumulation upon it of the waste derived from the denuda- 
tion of the rock masses composing the sub-continent at the titne. Wave- 
like undulations were thus produced, as seen in the present crust, which 
also affected the basement granite. Granite intruded itself at first into 
the first sedimentary rocks, which it altered in part. It subsequently 
merely joined in the undulations of the superincumbent rocks, but more 
in the nature of elongated bosses than of corrugations. It is remarkdbie 
what an almost regular west to east trend the first sedimentary and 
associated rocks eihibit wherever they can be seen, as in the Murchison 
Hange, in Rhodesia, in Portuguese Manica, and elsewhere. The finest 
evidence of such pressure is seen in the Zwartberg Mountains, where the 
contortions and folds of the rocks, exposed through denudation, form as 
fine a geological. picture as can be seen anywhere in the world. Mr. 
E. H. L. Sohwarz, of the Geologioal Survey of the Cape Colony, has 
surveyed this part of the country, and given the result of his labours in 
the Annual Heport of the Geological Commission of 1903. He states 
that the Zwartberg Hange is typically a double fold with minor 
wrinklings and many subsidiary folds. In the section which accompanies 
my report to the Cape Government in 1893 I show two principal folds 
and a smaller one, but Mr. Schwarz's more lengthy and systematic 
observations must necessarily be taken as more correct. 

My attention has "been drawn to a geological map of South Af rica, by 
Mr. A. W. Rogers, partly original and partly compiled in the " Advanced 
Atias for South African Schools," of which I cannot speak too highly. 

The position of the Dwyka Conglomerate is particularly well shown 
on this map, and as a result of the Cape Survey we now know 
that this Conglomerate, which at and near Prince Albert. lies con- 
formably on the underlying Witteberg Serics, as shown on my section, 
becomes more and more unconformable on that series westwards. 

It is with much pleasure that I ref er to such good work done — 
foUowing Dr. Corstorphine's lead— by Mr. Schwarz and Mr. Rogers in 
that part of South Africa, as I am convinced that until we know more 
of the geology of the whole of South Africa, our theories regarding 
Transvaal geology may want amending. 

Extreme heat and cold played, as elsewhere, an important part in 
the initial structure of our rocks. Our numerous thick and remarkably 
extensive igneous sheets and the dykes which are also of such frequent 
occurrence in some of our series were produced, as we all know, in an 
extremely heated or molten condition. It is remarkable, however, that 
in the Karroo system, which contains such rocks in abundance, they 
do not seem to have disturbed the sedimentary rocks, the usual horizon- 
tality of the various beds, even in their close proximity, bëing, with few 
exceptions, undisturbed. 
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Some of our most important series of rocks geologically, namely, 
the Dwyka and the Ecca Beds, are now, I think, generally considered to 
have been mostly formed through the agency of glaciers travelling 
southwards. 

The temperature and climatic conditions which prevailed during the 
formation of our most important rock series industrially, namely, the 
Witwatersrand Series, may have beeu such as to sustain animal and 
vegetable life; it is, however, remarkable that no fossil remains have as 
yet been discovered in them, although it has probably been the most 
explored and studied of any of our series, both by shaft sinking, cross- 
cutting and boring. I do not allude to driving or stoping in the reefs 
themselves, as conglomerates are not conducive to the preservation of 
animal and vegetable remains. 

It is also strange that so few, if any, fossil remains should have been 
found in the Dolomite Series, which contains beds in which such remains 
might very well be preserved. 

What I may call our younger rock series contain, as is well known, 
fossil remains, in some instanoes in great abundance, their ages relatively 
to rock series in other parts of the world having thereby been defined. 

However violent may have been some of the dynamical actions at 
this end of Africa in bygone ages, there is, I am happy to say, no 
historical record of such south of the Zambesi. 

Actiye volcanoes and severe earthquakes are here unknown. Faint 
tremors only, to which the earth's surface is everywhere subject, are 
occasionally felt. 

Rumours of the occurrence of mild volcanic activity in Pondoland are 
still unconfirmed. 

The older rocks have here undergone foliation and plication, which 
oaused our principal ore deposits to become exposed, and we are now 
enabled to eiploit them in perfect security. 

Had it not been for Nature's assistance and the lead thereby given us, 
our now world-wide known " Banket" Reefs, which bid fair to be a most 
important factor in the deveIopmei\t of the human race, would have 
remained hidden. Rich reefs belonging to the same series, covered by 
younger rock series, and since discovered by geological deduction, would 
also have remained hidden, and the initial benefits to mankind contained 
therein been lost. By raising the Witwatersrand Beds in part before 
the carpet, if I may so call the younger formations, had been laid down, 
Nature exposed a small portion of her riches to our view. We may 
almost say that she forced them to our notice, and yet how slow were 
those living near to discover them, and how falsely, following old pre- 
cedents, was Nature's book read by a few in the first instance. 

Boring operations to prove the Main Reef Series have been conducted 
to the dip of the outcrop propositions with anticipRted results, more, 
I should imagine, to ascertain values at first, which liave quite conie up to 
expectation, and the possible alteration in the actual position of the reef 



Digitized by 



Google 



AÍíNlVEKSARY ADDRESS. XIX. 

from faulting, than to prove the continuity of the reefs in depth, as from 
their nature it would in many cases have been quite justifiable to have 
assumed it. 

Those at the eastern and western end of the Rand, though stiU within 
comparative proximity to proved outcrops, required greater enterprise, 
owing to the Witwatersrand Beds being there covered by younger super- 
incumbent strata, and it was there found that nature had not belied 
herself. 

Such operations have also been conducted further afield, far from 
known payable reef outcrops, and therefore with much less data to go 
upon. Important geological results have there been obtained, and in 
most cases Witwatersrand Beds were exposed beneath more or less thick 
overlying deposits, thus proving that such a thick rock system as the 
Witwatersrand was not confined to a small, mostly exposed, area. 

Dr. Hatch has given us valuable information, and thrown much 
light on the position of the Main Reef Series in the Eastern Rand, under 
the Dolomite und Ecca Beds, obtained by linking together the results of 
numerous boreholes, some of which were put down by his direction. 

Other boreholes, besides those mentioned by Dr. Hatch in his paper, 
have been put down on the East Rand. The results obtáined seem to 
confirm the view that the Nigel Reef Series is the continuation of the 
Main Reef Series. It also appears from results obtained by boring that 
the Main Reef Series turns at a depth of 2,000 feet from a main easterly 
to a southerly direction on the farm Welgedacht, where the Witwatersrand 
Beds are covered by lower Karroo Beds, in which workable coal seams 
of great thickness have been discovered. 

Dr. Corstorphine has made a special study of the Vlakfontein 
syncline, and given the results so obtained. Although some of us were 
of opinion that the * * Coronation " Reef , which occurs in this syncline, 
belongs to an older series than that of the Main Reef, Dr. Corstorphine 
has stated that it occurs within the Green or Hospital HiU Quartzite — a 
term which he has given to it. 

A deep borehole has been started on the farm Rietfontein No. 308, 
situated between Johannesburg and Heidelberg, with the object of proving 
the existence of workable banket reefs underneath the Diabase. 

The results are awaited with great interest, both by geologists and 
business men. As it is intended to continue boring to a depth of 6,000 
feet, the results may be expected to yield much valuable information 
regarding the Witwatersrand and other series. 

The Main Reef Series is being looked for in the far Western Rand. 
Mr. Bleloch states that he has located it in the Klerksdorp district. The 
lower Witwatersrand Beds undoubtedly occur, and can be traced, possibly 
not uninterruptedly, from Rheebokfontein to Varkenskraal. The geolo- 
gical map which I made of Cyferfontein and Lapdoorn in 1895, and which 
was publisbed, shows the occurrence of such beds on them. These consist 
of quartzites and slates, dipping about 30° to the south-east. In the 
report wHich Was published with it I stated that " the formation consista 
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of quartzites and slates, whicli underlie the Main Reef Series on the Wit 
watersrand, aud which are known as the Old Slate Formation " — the 
former term for the lower Witwatersrand Beds. The plan of Varkens- 
kraal and adjoining farms, which was also published with the Report, 
shows outcrops there of white quartzites, similar to those which occur 
on Lapdoorn. 

Our Transactions contain a great deal of information on the subject 
by Mr. Draper, Mr. Kuntz, and others. 

The results obtained by Mr. Calderwood in a borehole put down on 
the farm Twyfelvlakte No. 286, and a description of which is given in 
South African Mines of the 12th September, 1903, are very important in 
this connection. The dip of the lower Witwatersrand Beds, which were 
exposed in it below the Dolomite, at a depth of 1,200 feet, is 30°, the 
same as that of the lower Witwatersrand Beds on Cyferfpntein and 
Lapdoorn. 

Boring operations are being conducted by the South Afrioan Agency 
to prove the occurrence of the Witwatersrand Beds in depth, north of 
the granite mass lying between Johannesburg and Pretoria, which some 
of us, like Dr. Carrick, consider may occur there. 

I have myself conducted boring operations in a hitherto quite 
unproved portion of the Orange River Colony, namely, near the junction 
of the Wilge and Vaal llivers. I have located the Witwatersrand Beds 
there, beneath the Earroo Beds, over a cousiderable area. I am sure 
that all those who have the welfare of the Colony at heart would welcome 
an announcement — should such ever be made — that a new Rand had been 
discovered in it. 

Mr. J. I. Hoffman has just published a most useful plan of the 
eabtern eztension of the Witwatersrand, in which he gives a section 
indicating a new Witwatersrand syncline between the Heidelberg granite 
masB and Ërmelo, beneath younger formations. 

A fresh classifícation and nomenolature is occasionally given, and 
adopted sometimes without any previous notiíioation by their originators. 
Although unavoidable and necessary in many cases, in view of fresh dis- 
coveries, this is somewhat confusi ng when adopted without notification. 

What has been known as the ** Eromdraai Conglomerate, or Schist," 
has been called or included in the '* Ventersdorp " Beds by Dr. Hatch, 
for reasons given by him. He and Dr. Corstorphine now consider that 
in ** all probability " the Elsburg Beds, which hitherto were unaniniously 
included in the Witwatersrand Series, should be included amongst the 
Ventersdorp Beds, thus giving the new name a wider significance. 

Dr. Molengraaff, in the recently published English edition of his 
*' Geologie de la République Sud-Africaine," added to and corrected by 
him, and so ably translated by Mr. J. H. Ronaldson, now entitled '^Geology 
of the Transvaal," which I am sure we all highly appreciate, calls ail 
the beds and rock masses occurring between the Black Reef and Wit- 
watersrand Series the '* Vaal River System," in which he says eight-tenths 
of the entire complex is of igneous ori^in. He appears also inclined to 
inolude tEe Elsburg Beds in this series. 
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The terms upper and lower Witwatersrand Series are names sub- 
stituted by Dr. Hatch for what are, or were, known as the Witwatersrand 
and Hospital HiU Series; his line of demarcation lying below the Main 
Reef. 

In my map of part of the Heidelberg district, published in 1897, I 
made no distiuction between these two series, and included them under 
the term Witwatersrand Formation, as I could not see any line of 
demarcation between them. The term Witwatersrand Series is now 
generally adopted for the whole of these beds. 

Dr. Molengraafií includes the Witwatersrand Series among his 
ArchaBan system. Dr. Hatch suggests that the term Archaean system 
should be restricted to the schists and associated rocks, which he calls 
Swaziland Series, after Schenck, with its intrusive granite. 

Personally, I much incline to this view. It has always appeared to 
me that there is, on the whole, a great lithological difference between the 
system of rocks in Swazilaud, iu the Murchison Range (the rocks 
forming which extend, in my opiuion, more or less uninterruptedly to 
Mount Maré, neur Piet^rsburg), in Rhodesia, in Portuguese Manicaland, 
and the rocks forming the Witwatersrand system, though, of course, 
lithological differences by themselves are not an infallibie guide. This 
difference is clearly shown on page 5 of Dr. Molengraafií's book. In my 
paper on the Portuguese Manica Goldíield, which consists of such rocks, 
I went so far as to suggest that their age was Pre-Cambrian, whereas the 
age of the Witwatersrand Beds was Devonian, thus showing that in 
my mind there was a very great difference in age betwoen them. 

As regards the relatiou between the granite associated with these 
altered schists and sedimentary rocks, my yiews are ezpressed in my 
" Further Remarks on the Portuguese Manica Goldfield," read in 1903, 
as follows : '* Although granite doubtless underlies all these formationa, 
forming the foundation upon which they all rest, the granite masses thus 
associated with the crystalline schists are of more recent date than these 
schists and sedimentary rocks. They are intrusive masses which have 
disturbed the continuity and regular deposition of certain sedimentary 
deposits; isolated attenuated remains of which may still be found." 

Messrs. E. F. Heneage and W. G. Holford, in a paper recently read 
before the South African Association of Ëngineersf, describe the rocks 
which cross the Harts River Valley, and state that to the casual observer 
these rocks have the appearance of being identical with the Hospital Hill 
banded series. I have not seen the Harts River Valley rocks, but from a 
description given of them by Dr..Molengraaff, I stated in my contribution 
to the discussion on Mr. Denuy's paper before the South African 
Association of Engineers last year that these rocks seem to agree well with 
the banded quartzites in Manicaland. 

I doubt whether the term Heidelberg system, which Dr. Hatch sug- 
gests for the Ventersdorp Series (including the Elipriversb^g amyg- 
daloid) and the Witwatersrand Series (upper and lower divisions), which 
are unconformable, is quite as happy a one as his restriction of the 
term Archaean system to the Swaziland Series with its intrusive granite,. 
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Besides, there being another Heidelberg in South Africa, situated on 
rocks of a different age, the term Witwatersrand as applied to these beds 
is now classic, and these should, in my opinion, be considered as a 
separate system. 

Mr. E. T. MeUor has introduced the term Glacial Beds as an 
equivalent to the term Dwyka Conglomerate. 

Our Society is the Geological Society of South Africa, and the 
nomenclature of our systems and series adopted by us should as far as 
possible be applicable to the whole of South Africa, south of the Zambesi. 

Finality in classification and nomenclature in a comparatively new 
country geologically is hardly to be looked for just yet, and there is 
bound to be diversity of opinion in this direction for raany years to 
come. 

So many of our South African formations contain conglomerates, 
breccias, blocks and boulders that a carefully selected typical collection 
of those occurring in each would be of great assistance to many. 

Disregarding the Enon Conglomerate and the few conglomerates 
which occur among some of the Karroo Beds, we find breccias and con- 
glomerates at the base of the Waterberg Series ; in the Dwyka or Glacial 
Beds of the Transvaal and Orange River Colony, with additional boulders 
and blocks in the Cape Colony. We find also such f ragments of older rocks 
in what Dr. MolengraaS calls the Vaal River Series, a very comprehensive 
term. 

We then finally have the Black Reef and Witwatersrand Conglo- 
merates. In some instances the fragments in rocks of dissimilar 
geological horizon bear in part great resemblance to each other ; in other 
instances those occurring in rocks of the same age are very dissimilar. 

Most of these deposits have given rise to endless discussions as to 
their mode of origin, and in the case of the Black Reef and Witwatersrand 
** Banket," as to the origin of the gold contained therein. 

Although much light has been thrown on this subject, and a con- 
sensus of opinion is beginning to form itself with regard to it, there is 
still much to learn and to discuss. 

Valuable and excellent papers dealing with the geology of the 
Transvaal, Bechuanaland and German West Africa have been read during 
my term of office as President. The titles of these various papers are 
stated in the Report of the Council presented to you to-day, and a record 
of discussions in the Minutes of Proceedings. 

The subjects are so many, and the new facts and theories brought 
forward so important that it is difficult to do more than to give a 
meagre resumé of the more important views and conclusions so far 
arrived at. 

AU the writers have done good work by recording carefuHy observed 
facts; some have further formed conclusions on their facts. 

Startïng with the old or basement granite, some of us, like Dr. 
Corstorphine and myself, consider that so far as our experience teaches 
us, the basement granite is ** distinctly anterior " in age, a term which I 
used in 1896 in this coniVHJtion, to the Witwatersrand Series. 
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Mr. E. Jorisaen says : *' The baseraent granite of Central South 
Africa Í8 intrusive only into crystalline and metamorphic schists, 
reranants of the Archaean era. These preceded and were separated from 
the deposition of the Witwatersrand Series by a lengthy period of 
denudation." 

Mr. M. E. Frames says, with reference to the Amsterdam Valley and 
neighbourhood : ** I am of opinion that the granite is intrusive with 
reference to the schists in this area, but that it is not intrusive in the 
quartzites." 

Others like Mr. Kynaston still consider it an open question as to 
whether this granite is not intrusive amongst the lower Witwatersrand 
Beds. 

Dr. Molengraaff, in view of further information, now considers the 
intrusive character of the Vredefort granite mass as regards the Wit- 
watersrand Beds an open question. 

Wílh regard to this granite mass, I may state in passing that the 
occurrence of a quartzite anticline at the foot of the southern side of 
Rhenoster Kop, about fourteen miles north of Kroonstad, which I have 
recently examined, and which may be of Elsburg age, further 
circumscribes it. 

Dr. Corstorphíne says that he has not so far been able to recognise 
a series of schists as forming the lowest portion of the Witwatersrand 
Series, or conformable underneath its lowest quartzites. What have been 
taken for schists, and even for quartzites, are really differentiations and 
variations in granite. 

It should, therefore, not be too hastily concluded that schists which 
may be found below the Witwatersrand Beds by boring, or in close 
proximity to them on the surface, are necessarily those connected with 
the first sedimentary rocks, and this is the reason why in my paper on 
the south-eastern extension of the Vredefort granite mass referred to by 
Mr. Jorissen, I praotically left the question an open one in that particular 
instance. 

Uncertainty sometimes prevails in determining whether planes of 
division are bedding planes or merely cleavage planes, as instanced by 
me in my * * Further Remarks on the Portuguese Manica Goldfield." 

In corroboration of Dr. Corstorphine's view, I may state that in a 
borehole, the cores of which I lately examiued, they had passed through 
the lowest Witwatersrand Quartzites, the dip of which was not con- 
siderable, and entered a complex of chlorite schist, actinolite rock, 
quartzite, gneiss, granite, and more or less coarse acid igneous rocks, 
containing a considerable quantity of Microcline; the planes of division 
being steep. 

Dr. Hatch correlates the Main Reef with the Van Ryn and the Nigel 
Reefs in his paper entitled '* The Extension of the Witwatersrand Beds 
Eastwards under the Dolomite and the Ecca Series of the Southern 
Transvaal." 

Dr. Molengraaff states that the Van Ryn Reef is the equivalent of 
the Main Reef. 
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Dr. Corstorphine states tliat he has come to the conclusion that the 
Nigel Reef represents the Main Reef in the Eastern Rand. 

Dr. Carrick in his published plan, dated the 2nd May, 1904, outlines 
the course of the Main Reef eastwards, and considers the Nigel to be n 
different and an older reef to the Main Reef. 

My own view, which you will find in our earlier Transactions, was 
that '* The Nigel Reef and the reef now being worked at and around 
Botha's Kraal, and further towards Hex River, is contemporaneous with 
the reef so far lost at the Blue Sk}-." 

The unconformability of the Elsburg Series on the Witwatersrand 
Series, which was lately suggested by the late Mr. Dorffel, has been 
definitely advocated by Drs. Hatch and Corstorphine in their paper on 
** The Geology of the Bezuidenhout Valley and the district east of 
Johannesft}urg." 

I may point out that Mr. Ralph G. Totteuham stated in 1896 that 
" he did not believe that conformability always exists bctween the Main 
Reef Series and the Elsburg,'* a statement which occurs in Volume II. 
of our Transactions. 

The solution or infiltration theory to account for the deposition 
of the gold in the Witwatersrand Conglomerates, a theory which 
is very old in connection with some quartz reefs, was suggested 
by me in a paper read in 1889. It may have been held in connection 
with our Conglomerate Beds before that date, but it has certainly been 
held and expounded since that date by many mining engineers and 
geologists. Mr. E. P. Rathbone advocated it in 1901. 

Drs. Hatch and Corstorphine have to my mind greatly forwarded 
and expanded this theory in their paper on * * The Petrography of the 
Witwatersrand Conglomerates, with special reference to the origin of 
the gold.'' 

In tEis connection it is well to remember that the Main Reef Series 
Í8 not the only one which has thus been infiltrated. Besides the known 
payable ** Banket " Reefs, which are known'in the lower Witwatersranil 
Beds, I wish specially to draw your attention to an auriferous zone, con 
sistíng in depth of greenish slate, and containing quartzite bands and 
lenticules, all more or less auriferous, and called the Louison Reef, 
situated (like the Coronation Reef, according to Dr. Corstorphine) among 
the Green or Hospital Hill Quartzite, on the West Rand, and now being 
opened up. I notice that Dr. Molengraaff places the Louison Reef close 
to the bottom of the Green Quartzites in his book. The unconformability 
between the Waterberg and Pretoria Series has been advanced and fully 
demonstrated by Mr. Mellor in his paper on the Waterberg Sandstone 
Formation, in whicli he states that attention was first called by Mr. 
Harger to the Waterherg Sandstones as an independent formation ; a f ull 
description of its position and lithological character was, however, first. 
given by Dr. Molengraaff in the German edition of the Second Annual 
Geological Survey Report for 1898. 
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ANNIVERSARY ADDRE8S. XXV. 

Mr. Mellor's excellent papers on the Glacial Beds east of Pretoria 
remove all doubt as to the glacial origin of the Dwyka Conglomerate, 
if any could have existed after Dr. Molengraaff's exposition of the subject. 

I cannot refrain from remarking on the excellent work done during 
the year by Mr. Kjnaston and his staff, and published in the Annual 
Geological Survej Report. It is satisfactory to find that the department, 
which was initiated and so satisfactorily carried on by Dr. Molengraaff, is 
in such good hands. Those who, like myself, have gone over the ground 
therein described, fully appreciate the care and thoroughness with which 
this work is being carried out, and only wish that the community in 
general could appreciate the importance of this work and treat the 
department as liberally as it deserves. 

Dr. Corstorphine's address before the South African Association for 
the Advancement of Science last year, which dealt with the ** History of 
Stratigraphical Investigation in South Africa," has just been issued. It 
is an indispensable and unique review of South African stratigraphy, an 
important branch of geological science. 

Mr. Kynaston's paper on the '* Geological Features of the Diamond 
Pipes of the Pretoria District," read before that Association last year, 
presents additional interest in view of the recent find there of a diamond 
weighing, it is said, 3,024| carats, the largest diaraond ever found. 

I may mention that, through the courtesy of the Directors of the 
Premier Diamond Mining Company, some of us were enabled to see this 
diamond. We shall, no doubt, obtain an accurate description of 
it shortly, but I may state that it appears to be a piece of a large crystal 
of diamond, and to be of very good quality. 

A paper of mine on '* The Kromdraai CoDglomerates," and another 
on '* The South Rand Goldtield " were read before the Institution of 
Mining Engineers in London during the year. The latter deals 'with 
hitherto unpublished results of boring operations beneath the Ecca and 
Dwyka Beds on either side of the Vaal River, south of Heidelberg, and 
I think should throw some new light on the geology of that part of 
South Africa. 

In conclusiou, I am sure you will all join me in thanking Dr. Hatch, 
who has been our Hon. Secretary during the year, for the way in which, 
and the promptness with which, our Transactious, which are a model to 
8Ímilar societies, are now turned out. 

Mr. Jago, our Secretary, also deserves our thanks. 

Dr. Corstorphine, in proposing a vote of thanks to the President for 
his address, said he could assure him how much they appreciated the 
attention, the care and the interest which he had taken in the work of 
the Society. On behalf of the Council, he might also express their 
appreciation to Mr. Brakhan for the way in which he referred to the 
work of the Society. 

The motion was seconded by Dr. Molengraaff, and unanimously 
adopted. 
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XXVI. PROOKEDINGS OF THE GEOLOGICAL SOCtETY OF SOUTll AFRICA. 

ELECTION OF COUNCIL AND OFFICE-BEARERS. 

Twenty members were nomiiiated to fiU the ten vacancies on the 
Council, and after a ballot and scrutiny, the President declared the 
following to be elected : — 

Messrs. G. S. Corstorphine, F. H. Hatch, W. G. Holford, E. J. P. 
Jorissen, Julius Kuntz, E. H. V. Melvill, J. H. Ronaldson, A. R. Sawyer, 
F. W. Voit and Ernest WiUiams. 

On the motion of Mr. H. Kynaston, seeonded by Dr. F. H. Hatch, it 
was unanimously resolved to re-elect Lord Milner as Honorary President 
of the Society. 

On the motion of Dr. G. S. Corstorphine, seconded by Dr. G. A. F, 
Molengraaff, Dr. F. H. Hatch was unanimously elected President of the 
Socicty for the ensuing year. 

The retiring President then formally vacated the Chair in favour 
of his succossor. 

In returning his thanks for his election as President, Dr. Hatch 
said ; — 

Fellow members of the Geological Society, I am deeply sensible of 
the great honour you have done me in electing me as your President, 
especially as this is the year of the visit of the British Association. 1 
shall endeavour to prove myself worthy of the honour by promoting to 
the best of my ability the interests of the Society in the future, as indeed 
I have endeavoured to do during the past two years in my capacity as 
your Honorary Secretary. 

I regret that I shall be unable to preside at the first few meetings 
of the Society, as 1 am going to England for a few months, but before 
the meeting of the British Association I shall be back amongst you. 

Once more, gentlemen, I thank you for the honour you have 
done me. 

Messrs. J. Kuntz, H. Kynaston and G. A. F. Molengraaff were elected 
Vice-Presidents. 

On the motion of Dr. G. A. F. Molengraaff, seconded by Mr. D. 
Wilkinson, Dr. G. S. Corstorphine was unanimously elected Honorary 
Secretary and Treasurer. 

On the motion of Dr. G. S. Corstorphine, Mr. Chas. Stuart, who 
had kindly offered his services, was unanimously elected Honorary 
Auditor. 

There being no further business, the President declared that the 
Annual General Meeting was closed, and that those present would now 
constitute an Ordinary Monthly Meeting for the election of members. 
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ELECTION OF MEMBERS. XXVIl. 



Monthly Meeting, held in the Council Chamber, Chamber of 
Mines, Johannesburg, on Monday, 30th January, 1905, 
Dr. F. H. Hatch, President, in the chair. 



On the motion of Mr. E. P. Rathbone, the reading of the Minutes 
of the last Monthly Meeting, held on the 12th Decembcr, 1904, was 
postponed till the next Monthly Meeting of Members. 

The undermentioned gentlemen were balloted for and elected members 
of the Society : — 

Messrs. C. Seager Berry, Herbert Bottomley, E. L. Calverley, 
Maurice Copland, J. Gibson, G. E. Knecht, James Morris, R. C. Nicolaus, 
R. T. E. Southwood, P. A. Wagner. 

There being no further business, the meeting was declared closed. 



Monthly Meeting, held in the Council Chamber, Chamber of 
Mines, Johannesburg, on Monday, 20th February, 1905, 
at 8 p.m., Mr. H. Kynaston, Vice-President, in the chair. 



The Minutes of the Ordinary Monthly Meetings, held on the 12th 
December, 1904, and 30th January, 1905, were read and confirmed. 

The Secretary announced that a circular had been received from the 
South African Association for the Advancement of Science, stating that 
members who proposed to come forward with papers to be read before 
the Meeting of the British Assooiation in August next should do so 
without delay, as the papers would have first to be submitted to the South 
African Association for the Advancement of Science for approval, and 
then forwarded to the Committee of the British Association in London by 
the beginning of May next. 

The Secretary also announced that His Excellency Lord Milner had 
been pleased to accept the office of Honorary President of the Society for 
the ensuing year. 

The under-mentioned gentlemen were balloted for, and electeíl 
members of íhe Society : — 

Messrs. William Anderson, W. Shanks, and F. A. Steart. 
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XXVlll. PROCEEDINGS OF THE GEOLOGICAL SOCIBTY OF SOUTH AFRICA. 

Mr. A. von Dessauer discussed Drs. Hatch and Corstorphine's paper 
on *'The Petrography of the Witwatersrand Conglomerates, with Special 
Reference to the Origin of the Gold." 

In replyiug to the whole discussion on this paper, Dr. Corstorphine, 
on behalf of Dr. Hatch and himself, said : — 

We have been much surprised to find that there are so many claimants 
to the honour of having introduced the infiltration theory for the origin of 
the gold in the Witwatersrand Beds. We thought that it would be clear 
to everyone that in discussing the three theories, which have long been 
common property, we claimed no discoverer's rights. It seems, however, 
likely that a useful purpose will be served by giving such references to 
papers dealing with the origin of gold in the conglomerates, as we know. 
1888— W. H. Penning, Journal of the SocUty of Arts, vol. xxxvi., 1888. 
1889— A. R. Sawyer, '* The Northern Extension of the Witwatersrand Goldfields." 

Trans. of the N. Staffordshire Institute of Mining and Merhanical 

EngineerSy vol. x., 1889. 
1890— J. S. Curtis, "The Banket Deposits of the Witwatersrand." Engineering and 

Mining Joumal, New York, Febniary 15, 1890. 
1891 to 1894— E. P. Rathbone, ** The Stndy of Ore Deposits in Relation to the 

Occurrence of Auriferous Pyritea in tlie Conglonierates of the Wit- 

watersrand." Proceedings ofthe S. African Association of Engineers 

and Architects, vol. i., 1891. 
1895— Dr. Koch in Schmeisser's ** Ueber Vorkommen und Gewinnung der Nutzbaren 

Mineralien in der Sud-Afrikanischen Republik (Transvaal)," Berlin, 

1895, p. 50. 
1896— S. Czyszkowski, ** I^a venue Aurifére de rAfrique du Sud," 8vo, pp. 34, 

Paris, 1896. Translated by H. V. Winchell, ** The Deposition of Gold 

in South Africa." Amer. UeoL, May, 1896. 
1896— J. Kuntz, " The Rand Conglomerates ; how they were Formed." Trans. of 

the Geological Society of S.A., vol. i., 1896, p. 113, 
1896— De Launay, Les Mines d'Or du Transvaaly Paris, 1896, p. 299, et seq. 
1896— G. F. Becker, **The Witwatersrand Conglomerates," Washington, 1896, 

p. 167. 
1898 - F. H. Hatch, ** A Geological Survey of the Witwatersrand and other Districts 

in the Southem Transvaal." Q.J.G.S., vol. 54, 1898, p. 81. 
1898— A. Prister, "Notes on the Origin and Formation of the Witwatersrand 

Auriferous Conglomerates. Trans. Geol. Soc. S.A,, vol. iv., 1898, p. 20. 
1898— Franklin White, Discussion on Mr. Prister's Paper. Trans. Geol. Soc. S.A., 

vol. iv., 1898, p. 53. 
1903— J. Kuntz, " Remarks on the Rand Conglomerates." Engineering and Mining 

JotimaU October 17, 1903, vol. Ixxvi. 
1903 — J. S. Curtis, **The Witwatersrand Ore Deposits and their Relation to the 

various Formations." Proceedings of the S. African Association of 

EngineerSf vol. i., 1903, p. 235. 
1903— G. Denny, Discussion on preceding Paper. Proceedings of S.A, Association 

of Engineers, 1903. 
1903 — F. H. Hatch, •'Notes on the Witwatersrand Gold Deposits and their 

Associated Rocks." S.A. Association of Engineers, vol. ii., 1903, p. 35, 

and Geological Magazine, December, 1903, London, p. 543. 

Dr. J. T. Carrick, referring to the above list of papers, stated that 
he had, in the Standard aiid Diggers' News of 18th February, 1898, given a 
criticism of G. F. Becker's paper, and at that time had expressed the 
opinion that the presence of the gold in the bankets was due to some 
pre-existing chemical peculiarity in the auriferous beds. 
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MOLENGRAAFF: DISCUSSION ON DR. HATCH8 PAPER. XJCIX. 

Dr. G. A. F. Molengraaff, in discussing Dr. HatcE's paper on ** The 
Oldest Sedimentary Rocks of the Transvaal," and Mr. E. J. P. Jorissen's 
paper, ** Notes on Some Intrusive Granites in the Transvaal, the Orange 
River Colony, and in Swaziland," said :— 

I have read the former of these papers with great interest, because 
it refers to areas for the greater part known to me, and deals with a 
question in which I to some extent differ from the author's opinions. 

I agroe with the author in his opinion that there must of necessity 
eiist a formation older than the Witwatersrand Beds, from whicn IbQ 
oonglomerates in these beds have derived their material. But I Vrould 
formulate the reasoi^ for.this being the case differently from Dr. Hatch-r 
namely : There must exist, or have existed, a formation older than the 
Witwatersrand Beds, because even at the very base of the Hospital Hill 
Series conglomerates are known, the pebbles of which cannot, obviousjy, 
have been derived from the Hospital Hill Series. I do not quite see how 
Dr. Hatch can state that the pebbles of the Upper Witwat^rsrand Beds 
cannot have been derived from the Hospital Hill Series by denudation, 
for it is an open queetion whether the Upper Witwatersrand Beds are 
conformablQ with the Hospital Hill Series, for Dr. Hatch himself, and 
many other geologists in this country, agree that at least the uppermost 
portion — the Elsburg Beds — are unconformable on tho Lower Witwaters- 
rand Beds, although they appear to belong to one series of conformable 
strata, with the rest of the Upper Witwatersrand Beds ail along the Rand, 
and although it is impossible to say with certainty where the unconformity 
begins.* 

Now Dr. Hatch is of the opinion that both the schistose rocks near 
Marabastad and the Barberton Beds belong to this oldest sedimentary 
formation. Knowing both these formations, I fail to see how they can 
be combined. There certainly exists a great similarity between the 
Marabastad Beds and the rocks in Swaziland near Darkton and Embabaan, 
for in both places highly crystalline schists with contact minerals are in 
evidence, and at present I am with Dr. Hatch ïn the belief that the highly 
metamorphosed schists of Swaziland may belong to a formation even older 
than the Barberton Beds. But the bulk of the formation developed all 
round the Barberton Valley, and again in the Vryheid district, shows very 
little resemblance to the Marabaslad Beds, but a very great resemblance 
to the Hospital Hill Series. I must confess that I never found any traces 
of metamorphosed rocks containing contact minerals round the Barberton 
granite boss, although, of course, I am of the opinion that the old granita 
is intrusive in the Barberton Beds, as well as in the Lower Witwatersrand 
Beds. 

* Nevertheless it ia clear that the very fact of the discovery of rocks in every 
detail similar to the Hospital Hill Slates, but older than the Witwaters- 
rand Beds, at once deprives tne theory of the Elsburg Beds being unconfonnable ori 
the Lower Witwatersrand Beds of one of its stronffest supports; because the 
stripëd pebbles contained in the Elshurpr Beds, which are generally regarded as 
havmg been derived from the Hospital Hill Slates, will most probably prove to have 
reaHy been derived from those older maKnetite-quartzite-scnists. Tni«, of course, 
renders the ouestion as to the conformability or otherwise of the Elsburg Beds on 
the Lower Witwatersrand Beds open once more to discussion. 
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XXX. PROCEEDINGS OF THE GEOLOGICAL SOCIETY OF 80UTH AFRICA 

Now the question of why the Barberton Beds, near Barberton, and in 
the Vryheid district, ought to be correlated with the Hospital HiU Series 
has been discussed in my previous reports to the old Government,t and on 
later occasions, and the analogies between the Barberton Beds and the 
Hospital Hill Series have been given attention therein; therefore, when 
Dr. Hatch tries to do away at once with a correlation accepted by many 
other geologists besides myself, I eipected to find him set forth at least why 
this correlation is no longer tenable. Especially I think that the gold- 
bearing conglomerates, which in the Barberton area have been prospected 
in the so-called *' Kimberley Imperial Series," and are found in the 
Vryheid district in the Denny-Dalton Mine, and in many other places, 
those at Hondspring in Vryheid not being distinguishable from typical 
oonglomerates of the Main Reef Series, had deserved special discussion, 
were it only from this point of view, that according to Dr. Hatch's own 
opinion they must have derived their material from rocks stiU older than 
Dr. Hatch's oldest sediments. Surely if the previous opinious with regard 
to these oonglomerates could be proved to be erroneous, another and better 
ezplanation should have been given ! This is, however, not the case ; on 
the contrary, Dr. Hatch mentions all theee previous researches only by 
saying that they have obscured the recognition of the true position of the 
series. I must say that I consider this method of treating a very big 
question in the geology of this country as unsatisfactory, and I hope that 
this high-handed manner of disposing of previous and contrary opinion, 
as adopted by Dr. Hatch in his paper, will not become prevalent in our 
Society. 

As to the question itself, I am inolined to believe at present that 
the lower portion of these rocks, all of which I formerly included in the 
lower division of the Barberton Beds, will probably have to be separated, 
and must be regarded as belonging to a different and older series of 
rocks not unlikely to be correlated with the Marabastad Beds, and others : 
whereas the upper portion, which is particularly well developed; in the 
Vryheid district, must retain its name of ** Barberton Beds," and ought 
to be correlated with the Hospital Hill Series or Lower Witwatersrand 
Beds, at least until stronger evidence of needed alteration than that 
offered by Dr. Hatch has been given. 

Dr. Hatch fínishes by combining his Witwatersrand Series with the 
Ventersdorp Series into a system called the * ' Heidelberg System." 

Now we all know that in the classification of rocks the name 
^'System*' is always applied to a group containing one or more series 
of formations, which are either conformable one to the other, or at least 
show a well-marked relationship and a certain continuity in the periods 
of their deposition. But to combine two such successions of beds as 
the Witwatersrand Series and the Ventersdorp Series, which are absolutely 
unconformable with one another, and must have been deposited in erás 
very widely separated one f rom the other, is, I believe, a new stratigraphical 
experiment, in which I hope nobody wiU follow Dr. Hatch. It is obvious 

t See, especially, " Geologische Anfnahme der S.A. Republik," Pretoria, 1900, 
German translation of the Report of the State Geologist, pp. 10, 27 and 35 to 38. 
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MOLENGRAAPF: DISCUSSION ON MK. JORISSEN S PAPKR. XXXl. 

that the Witwatersrand Series and the Ventersdorp Series form each a 
separate system of rocks, for which I have used respectively the names 
** Rand System" and '' Vaal River System." 

Mr. Jorissen in his paper claims for five different localities the 
existence of sedimentary rocks older than those of the Witwatersrand. I 
shall restrict my remarks to those three localities which are known to me, 
viz., Zwartkoppies, near the Vredef ort granite boss ; Abelskop, and other 
farms in the Bloemhof district; and Swaziland. 

As to the actinolite schists in the Zwartkoppies near Vredefort, which 
I described in detail in 1894,1 ^ consider it a little doubtful whethér they 
belong to an old sedimentary formation or have originally been segrega- 
tions in the granite, intensely uralitised, and highly altered by pressure. 

As to Abelskop and Swaziland, I am inclined to share Mr. Jorissen's 
opinion, for I believe that very much can be said in favour of his notion 
that these rocks really represent a sedimentary formation older than the 
Rand System. 

His argument that the rocks of the Abelskop belt are very different 
from the Rand rocks, I consider a very strong one, especially since I have 
seen quite lately from a place more to the north on this same Abelskop 
belt true gneisses and quartz-mica-schists, types of rocks which do not 
occur in the Rand System at all. Naturally, I also agree with him when 
he states that the granite is intrusive into, and has largely altered, theso 
rocks by contact-metamorphism, a view I have always held myself. 

I do not agree with him when he takes the fact that the ** dividing 
plaues " of the schists are at right angles to the bedding planes of the 
quartzites of the Rand System on the farm Blaauwboschpoort as a con- 
clusive argument in favour of the schists lying unconformably below the 
quartzites. I think that this argument is far from conclusive, because a 
cleavage due to pressure contrary to the original planes of stratification 
is developed in many places in the Lower Witwatersrand Beds; this 
cleavage has in the schists — especially in the sericite schists below the 
Orange Grove Quartzites—completely obliterated the original planes of 
stratification, while, as a rule, it has not affected the quartzite very much. 
From this we must gather that the apparent stratification of the shales 
and schists in the lower beds of the Rand System is absolutely unreliable 
when judging the original stratification. 

Furthermore, the author lays much stress on the fact Ihat the granite 
is intrusive into these old rocks, whereas it is not intrusive into the rocks 
of the Rand System. Now, I cannot admit that it has been definitely 
proved that the granite is not intrusive into the rocks of the Rand System. 
A very suggestive paper has been written by Dr. Corstorphine, which has 
induced me to reconsider this question and study it again. In doing this, I 
have been led to believe, more and more, that none of the arguments used 
by Dr. Corstorphine are quite conclusive; it would be out of place to 
discuss the question in full here, so I will refer to only one argument, to 
which Mr. Jorissen has given great weight, viz., the opinion urged by 

t G. A. F. Molengraaff, " Beitra^ zur Geologie der Umgeffend der Goldfelder auf 
dem Hoogeveld in der S.A. Repubhk." Neues Ja/irb, fiirMiner., ctc. Beil. Bd. 
ix., p. 193 ; Stuttgart, 1894. 
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XXXU. PROCEEDINGS OF THE GEOLOGICAL SOCIETr OF SOUTH AFRICA. 

Dr. Corstorphine that the sericite schists occurring below the Orange 
Grove Quartzites are not sedimentary beds at all, but have been derived 
from the granite. I maintain that these schists very often contain beds 
of conglomerate, composed of quartz pebbles, and that these conglomerates 
lie in absolutely conformable position below the Orange Grove Quartzites, 
but quite in the schists, and often a good distance from the quartziteá. 
This, of course, proves their true sedimentary character, which, moreover, 
I find confirmed by microscopical examination. I further think there 
exist strong arguments in favour of the old granite being intrusive into 
these sericite schists, and consequently into the rocks of the Rand System 
also. 

As to the relations existing between both the Rand System and the 
schists and the old granite, they must, of course, be studied further. 
Possibly the grauite is intrusive into both of these; possibly aisv 
the granite in different places may belong to separate intrusions 
of different ages; it is an open question. 

Notwithstanding many differences in detail, I must congratulate 
Mr. Jorissen on his very valuable contribution to our knowledge of the 
Transvaal Formations, which brings us a stage further in the unravelling 
of the stratigraphy of our country. 

Dr. Corstorphine read a reply to this discussion from Dr. Hatch, who 
said : — 

Dr. Molengraaff has been good enough to send me a draft of what 
he proposed to say in discussing my paper on ** The Oldest Sedimentary 
Ilocks of the Transvaal," and has thus enabled me to write a reply. Dr. 
Molengraaff considers that I have acted in a *' high-handed manner," in 
criticising his correlation of the Barberton Beds with the Lower Wit- 
watersrand Series. It is difficult to understand what he wishes to convey 
by the expression */ high-handcd," unless he means that any criticism 
whatever of his work deserves that epithet. But surely Dr. Molengraaff 
does not wish us to infer this. 

Those who have read my paper will admit, I think, that I did not 
transgress the liniits of fair criticism, nor express my divergence of 
view in any manner not warranted by the results of my investigation. 
When, as in this case, correlation can be only tentative, and is based 
mainly on petrographical resemblances, no one can reaspnably claim 
fi.nality for it; and i.n voicing my preference for the earlier views of Dr. 
Schenck as against those of Dr. Molengraaff, I ^xpressed the opinion to 
which.I had Jbeen led by my own studies, and to which pr. Molengraaff 
takes exception in such unnecessarily strong terms. Dr. Molengraaff's 
strictures on me for expressing what, after all, is but a reversion to the 
original view as to the clágsification of these rocks, might equally well 
be applied to Dr. Molengraaff for his treatment of Dr. Schenck's original 
grouping. l see nothing in what Dr. Molengraaff now puts forward to 
induce me to alter the opinion expressed in my paper. The exact 
significance of the term Barberton Series has never been clearly defined, 
and since Dr. Molengraaff now admits that he was wrong in including 
in it a portion of the older s}stem, this to my mind is sufficient reason 
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READING OF NBW PAPERS. XXXUl. 

for the rejection of the name. Dr. Molengraaff has admitted his error 
in regard to a portion of his correlation; let us hope that with more 
opportunity for closer inyestigation he will see his way to abandon the 
remainder. 

Mr. 6. 6. Holmes read a paper on '' The Geology of a Part of the 
Rustenburg District." 

Mr. A. L. Hall read a paper by himself and Mr. F. A. Steart '' On 
Folding and Faulting in the Pretoria Series and the Dolomite." 

Dr. Molengraaff exhibited some specimens from the Pretoria Beds, 
showing crocidolite and andalusite, obtained by Mr. C. D. Leslie, near the' 
Lulu Mountains in thle Lydenburg district, and stated that he would give a 
short petrographical description of the rocks at the next meeting. 

The meeting then terminated with a vote of thanks to the Tarious 
authors for their interesting contributions. 



Monthly Meeting, held in the Council Chamber, Chamber o£ 
Mines, Johannesburg, on Monday, 13th March, 1905, at 
8 p.m., Mr. H. Kynaston, Vice-President, in the chair. 

The Minutes of the Ordinary Monthly Meeting, held on Februarj 
2(Hh, 1905, were read and confirmed. 

The Secretary announoed that Mr. David Draper, who had been 
recently elected an honorary member, and who had been intimately con- 
nected with the Society since its inception, and to whom the Society owed 
much, had ofíered a silver medal, value about £10, to be presented tó a 
member of the Society for the best original paper dealing with some 
question in South African Geology. Mr. Draper's aim was to induce the 
younger members of the Society to take up some of the many interesting 
problems still awaiting solution, and no niember over 33 years of age would 
be eligible to compete. Regulations in conformity with Mr. Draper's. 
wishes would be published by the Council at an early date. 

The under-mentioned gentlemen were balloted for, and elected 
members of the Society : — Messrs. James William Anderson, C. D. Eeith 
Fraser, Wm. Henry FuIIer, J. Jervis Garrard, H. W. P. Lyster Jameson, 
and H. Lindhorst. 

During the ballot for new members an opportunity was given to those 
present of examining some stereoscopic viewa of the Cullinan Diamond, 
taken by Mr. E. H. V. MelviII, illustrating '* Notes on the Diamond," by 
Drs. Hatch and Corstorphine, which was laid before the Society, and taken 
as read. 
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^PLXIY* PROCEEDINGS OF.THE GEOLOaiOAL SOGIETT OF SOUTH AFRIOA. 

Dísoussion on papers read at the meetings held on the 12th Deoember^ 
1904, and 20th February» 190o, was then invited bj the Chairman. 

Mr. E. JorÍBsen said he would reply later to the discuBsion on hia 
paper, entitled ** Some Notes on Intrusiye Granites in the Transyaal and 
Swaziland." 

Dr. G. A. F. Molengraafií in discussing Messrs. A. L. Hall and A. F. 
Steart's paper, ** On Folding and Faulting in the Pretoria Series and 
the' Dolomites/' said : — 

This able paper gives a very clear description of the interesting 
faults near Pretoria. The question of the origin of the earth movements 
oausing these f aults is only shortly dealt with in this paper. The author» 
say with regard to this matter : " Thus there can be no doubt that the 
movements described around Pretoria, and to the east of Irene, are inti- 
mately conneoted wíth the ohange in strike of the Magaliesberg Range. 
This change ultimatély affeots the whole of the Pretoria Series and the 
upper beds of the Dolomite. We may assume that before the ooourrenoe 
of the earth movements the three quartzite ranges either oontinued in a 
straight line to the east or possessed a slight original bend to the south. 
Subsequently, a tangential stress of an orogenetio oharaoter affeoted the 
area under discussion, aoting along a line from the north-east to the south- 
west. What- would be the result of such a f oroe t In the first plaoe, we 
should ezpeot the beds to be bent towards the south-west, the area to the 
south-east suffering mostly a mere bending, but as one prooeeds to Frans- 
poort, there would ooour displacement as well, until, on reaching Franspoort 
at the angle of bend, the greatest amount of moyement should result» 
and espeoially along the direotion of stress — that ii to say, along a line 
from the area round Elapper Eop towards Franspoort. Here we would 
look for f ractures, displacement, and a general orumpling up of the strata," 
Admitted that the movements desoribed are intimately oonneoted with 
the change in strike of the Magaliesberg Kange, we may ask : What is the 
oause of this sudden change in strike? The cause suggeeted in the paper 
that a " tangential stress of an orogenetio character " affected the area, 
acting along a line f rom the north-east to the south-west, appears to me to 
be an inadequate ezplanation of the results shown by field evidence. Per- 
sonally, I oannot conceiye of any stress or pressure whioh, acting from 
north-east to south-west, would not have dislocated or affected the Magalies- 
berg Range as well as the Daspoort and Time Ball Ranges. 

Now, I tried some years ago to give another ezplanation * of the 
próbable cáuse of these f aults, which, as it appears to have escaped Messrs. 
Hall and Steart's notice, I would like to repeat here in a condensed form. 
' * The dislocations in the strata of the Transyaal System originated 
during the period of intrusion of the plutonio series of the Bushyeld. 
The strata of this system sank, at a certain period, under the weight of 
the intrusive masses, and it resulted from this subsidence that the strata 
of the Transvaal System dip towards a common oentre all round the 
plutonic basin. In faot, the dip — easily obseryable, and especially so in 
the Pretoria Beds — is everywhere directed towards the Bushveld. Under 

♦ G. A. F. Molengraaff, •* Geology of the Transvaal," pp. 61, 64 and 55, 
Johannesbnrg, 1904 ; '\Translation of Géologie de la République Snd-Afríoaine du 
Transvaal.'* Bnll. Soc, Géologiqve de France, 1901, 4 sér., tome i. 
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the influence of these moyements there have been set up tensions whioh 
have induced dislocations of a yery complicated character, foldings, and 
oblique faults of large displacement. All these phenomena of tension 
show themselves in a very remarkable manner wherever the periphery of 
the plutonic basin forms a re-entrant angle, as happens at Franspoort, 
twelve miles east-north-east of Pretoria. The Magaliesberg Ran^e, the 
direction of which was from east to west north of Pretoria, is there seen 
to bend sharply to ine south-east. Similarly the two other ranges of hilla 
of the Prctoria Series, the Daspoort Range and the Time Ball Range,. 
bend in a direction parallel to the fírst-named. In every instance the dip 
of the strata continues towards the red granite, consequently it alters, in 
harmonj with the changes in direction of the ranges of hiUs, from north 
to north-east. These complex movements have given rise to tensions 
which, in the outer range of the curve — the Magalie8ft>erg Range — neces- 
sitated an extension in leng^h, consequently tGe Magaliesberg Range was^ 
fractured, and the rents so caused have originated the natural gorges, 
called by the Boe^s * poorten/ and which have been foUowed by tbe 
rivers and pioneer roads. Generally, these crevices are filled with eruptiv» 
matter, and one would naturally look there for many interesting dykea 
radiating from the plutonic area of the Bushveld. Among others, the 
beautiful breccia of Derde Poort is injected into the gap which intersecta 
the Magaliesberg Range at Derde Poort.t In the two inner ranges of 
the curve the tensions have had an opposite effeot, as shown bj the Btrong- 
pressures exerted in a direction slightly oblique to the strike of the strata» 
of which the result has been the production of very oblique faults with 
large dispUoements. I have been able to ascertain that the pioturesque 
grouping of the hiUs in the neighbourhood of Pretoria» as well as th» 
origin of the magnifíoent sources of the Aapies River, are due to these 
dislocations. 

'' By analogy, it may with good reason be supposed that in the different 
areas where the Transvaal System ii developed, interesting relations will 
occur whenever the periphery of the plutonic area forms a convex curve» 
forcing the line of outcrop of the Transvaal System to curve in the same 
direction; such is the case near the Oliphants River to the north of 
Lydenburg, where the strike of the Transvaal System, which at Lyxlenburg 
is north and south, is seen to bend sharply at a right angle, becoming in 
the mountains of Chunie east and west, and even east-north-east and west* 
south-west. Geolc^ical docimients relating to this district are unfortun- 
ately wanting." 

This general explanation which I gave formerly will, I believe, acoount 
for some of those peculiar characteristics of the Pretoria faults whioh are 
not especially mentioned as such in the paper now discussed. 

The Magaliesberg Range is not disturbed, the Daspoort is f airly muoh 
disturbed, and the Time Ball Range is still more disturbed — in faot, the 
faults and their accompanying displacements all die out towards the 
Magaliesberg Range. 

t At present I am of the opinion that the Derde Poort breccia has nothing to de 
with the plutonic rocks of the Bushveld, bot is much yonnger, andbelongs to the 
same períod aa the diamondiferous blue-ground and allied eraptions. It bears a 
remarkable resemblimce to the emptive rocks of the Sutherland Distríct in the 
Cape Colony. 
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In the Magaliesberg Kange, if anything, a stretching of the strata in 
the line of'Strike can be obseryed, resulting in the originating of znanj 
^aps. In the Daspoort Range long slanting faults with large displace- 
znents occur, but no signs of disturbance of any iznportance are shown in 
the blocks of strata between those faults. In the Time Ball Range, not 
•onlj Bimilar slanting faults with large displacements are to be found, 
l>ut besides that, the strata in the blocks between those large faults are 
^reatly disturbed i>y minor faults, all of type '* A," which have obviouslj 
been derived from so manj foldings of tjpe '^ B.'' This proves that an 





intense cómpression in the direction of the line of strike of the strata 
has taken place in the Time Ball Range, that similar compression, but less 
powérfullj developed, is in eyidence in the Daspoort Range, but that no 
«ompression in the direction of the line of strike is observable in the 
Magaliesberg Range, but rather the reverse. Now, I do not think we can 
imagine any faulting hj sideward pressure — say, for instance, from the 
east— which would not have influenoed the Magaliesberg Range, but at 
the same time would have affected the two other ran^^ with increasing 
intensity f rom the Magaliesberg inwards ; in f act, I believe that we cannot 
-conceive of any earth movement which could have caused those peculiar 
types of faults found in our area exercising it« influence after the tilting 
of the beds of the Transvaal System. Indeed, I think we have to seek the 
cause of the tilting and the cause of thé displacements in the Transvaal 
System in one common influence, and herein lies the fundamental differ- 
«ncé between the explanations given by Messrs. Hall and Steart and by 
myself. 

In my mind there is little doubt that the fact of the beds of the 
Transvaal System dipping everywhere towards and everywhere disappear- 
ing under the big intrusive mass of the plutonic series of the Bushveld 
«annot be accidental, and however complicated this intrusion may have 
been, its type or character must have been that of a laccolite, the roof of 
which appears to be entirely denuded now, but the base of which is repre- 
sented by the strata of the Transvaal System, which have been bent down 
by the weight of the superincumbent intrusive mass. 

Now it is evident that where the outline of this intrusive mass forms 
a straight or only slightly curved line, the strata of the Transvaal System 
must have been bent down fairly regularly, but wherever the outline of the 
intrusive mass makes a sharp angle, and consequently wherever the pressure 
of the superincumbent strata was exercised along a sharply curved or nearly 
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broken line, tensioiis and their resulting dislocations must have been 
developed in the Pretoria Series and the Dolomite during the period of 
their being bent down. 

It can be mathematically calculated, and also shown by experiment, that 
whenever a system of layers is bent down along or over a support which 
forms an angle, exactly such tensions must originate as will cause stretching 
in the uppermost layers, but a compression which wiU increase towards the 
lowermost strata, and these tensions wiU lead to just such types of faults as 
have formed the subject of Messrs. Hall and Steart's paper. 

I still believe that where the strike of the strata north of Lydenb^irg 
changes abruptly from east and west (in the Chunie Mountains) to about 
north and south in the Lydenburg area, also great tensions must have 
originated in the strata of the Pretoria Series and the Dolomite during 
the process of tlieir being bent down under the intrusive masses of the 
Bushveld, but the angle here being just the reverse of that which we observe 
at Franspoort, we must expect to find the uppermost strata — correspond- 
ing to the Magaliesberg Range — most disturbed and compressed, and that 
this influence will diminish towards the lowermost strata of the Pretoria 
Series. 

Information and specimens which I have recently obtained from that 
portion of the country by the courtesy of Mr. C. D. Leslie a^pear to sup- 
port the correctness of these suggestions. 

Dr. J. T. Carrick also took part Tn the discussion. 

The authors stated they would reply at the next meeting. 

Dr. Molengrnaff exhibited a specimen of rock which had recently 
been struck at a depth of 2,500 feet in a shaft at the Kimberley Diamond 
Mine, and compared this with specimens of rock from Mafeking. He stated 
that the evidence pointed to the conclusion that the rocks at Mafeking, which 
had been shown on his map as Dwyka Conglomerate, really b^ong to the 
Vaal River System (Ventersdorp Series of Dr. Hatch). The rock írom the 
Eimberley Shaft was also a portion of the same series. 

Dr. Molengraaff then read a paper, entitled ** Notes on the Geology 
of a part of the Klerksdorp District, with special reference to the develop- 
ment of the Lower Witwatersrand Beds and the Vaal River System," and 
illustrated with a map, sections and specimens. 

Mr. D. Wilkinson discussed this paper. 

Dr. M. J. Stephan read a paper, entitled ** Note on the Occurrence 
of Oil in South Africa." Samples of oil and specimens of oil shale were 
exhibited in connection with this paper. 

In discussing this paper, Dr. J. T. Carrick pointed out that analyses 
of Russian oils differed very much from analyses of American oils, par- 
ticularly those of Pennsylvania. He was speaking from memory, but he 
was under the impression that the Russian oils contained a very much 
higher percentage of nitrogen and hydro-carbons of the Benzine Group, 
which indicated the presence of a greater amount of animal life as having 
been originally present in the beds from which the Russian oils were 
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derived. The fault of previous theories had been, he thought, an attempt 
to narrow down the source of origin of these rock oils to animal, vegetable 
or mineral causes only. When one considered the immense beds of 
graphite in the Archsean rocks, which must originally have been produced 
mainly by the action of vegetable life, and which must have yielded up 
immense quantities of hydro-carbons during their metamorphism, it was 
unreasonable, he thought, that this source of origin should be ignored. It 
was also well known, he pointed out, that carbon and iron did exist in the 
crust of the earth, and that water vapour did penetrate down to a very 
great depth, and on this account the contention of Mendeljeff that rock 
oils originated in this manner must also be taken into consideration. It 
was also impossible to ignore the fact that animal organisms most probably 
assisted very materiiilly in the production of petroleum, so that finally the 
most reasonable conclusion to arrive at was that rock oils had been produced 
by all three of these agencies, or, to put it shortly, that they are plutonic 
products which have been subsequently stored up in the anticlinal reser- 
voirs prepared for them by Nature. 

There being no furtlier business, the meeting then terminated with a 
vote of thanks to the authors for their various contributions. 



Monthly Meeting, held in the Council Chamber, Chamber o£ 
Mines, Johannesburg, on Monday, lOth April, 1905, at 
8-15 p.m., Mr. H. Kynaston, Vice-President, in the chair. 

The Minutes of the Ordinary Monthly Meeting, held on 13th March, 
1905, were read and confirmed. 

The Chairman announced that the competition for tho medal offered 
by Mr. David Draper, of which mention was made at the last meeting, was 
now open, and that the Council had laid down the following rules in 
connection therewith : — 

1. Papers to be sent in to the Secretary of the Society on or 

before 31 st March, 1906. Any paper read at an Ordinary 
Meeting of the Society before the above date may be entered 
for the competition. 

2. The competition is open to all mcmbers not over 33 yeíirs of 

age on the 31 st March, 1906, and who were members of the 
Society at 31st December, 1904. 
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3. Papers may be of any length, but must deal with some branch 
of geological inquiry in South Africa, and present the results 
of the author's own investigations on the subject selected. 

The under-mentioned gentlemen were balloted for, and elected 
members of the Society : — Messrs. Reid Bell, B. Palmer Carter and 
H. C. Dunne. 

Mr. A. R. Sawyer discussing Dr. G. A. F. Molengraaff's paper on " The 
Geology of the Klerksdorp District," said : — 

In my paper on the ** Portuguese Manica Goldfield " I mention the ' 
occurrence, close to granite, of some conglomexates associated with 
sericite schist, yellow and red sandstone, which occur there. I stated that 
these are undistinguishable from some of the Witwatersrand bankets. 
These conglomerates and sericite schists occur in a complex of rocks 
among which banded quartzites are conspicuous. I have stated that I 
consider the rocks forming this goldfield of a far greater age than those 
forming the Witwatersrand Systtím. Sericite schist occurs frequently 
among these older rocks, all more or less close to granite. 

I have not seen the sericite schists described by Dr. Molengraaff 
in sitUy and I believe Dr. Molengraaff has not seen those to which I now 
refer. I should be glad to know whether Dr. Molengraaff has found, in 
the region which he describes in his paper, any other rocks similar to 
well-known rocks of the Witwatersrand System on the Rand proper, besides 
those which he describes as Hospital Hill slates. 

In reply to Mr. Sawyer's question, Dr. Molengraaff instanced the 
Black Shales ox * * Water Tower Slatee " of Dr. Corstorphine. 

Mr. A. L. Hall, on behalf of himself and Mr. F. A. Steart, replied 
to Dr. Molengraaff's discussion of their paper on ** Folding and Faulting 
in the Pretoria Series and the Dolomite." He said : — 

In answef to the points raised by Dr. Molengraaff in his criticism of 
our paper on the ** Folding and Faulting in the Pretoria Series and the 
Dolomite," we offer the following remarks : — 

The question is asked — '* How do you trace the Struben Kop Fault 
beyond Muckleneuk to Quagga Poort ? " 

Westward from Muckleneuk the Struben Kop Fault may be traced 
through the northern edge of the plantation on the Government Fajrm 
Groenkloof. Here it is well seen sharply cutting off two diabase intrusions. 
From this point it passes almost through the brick works close by. A 
well sunk here reveals the shales to be highly contorted and the dip 
reversed. From the brick works the fault takes a course almost parallel 
with the strike and passes immediately on the south side of a farm house 
rather less than half-a-mile west of the brick works. Here the fault is 
sufficienfly far south of the Timeball Hill Range to expose a thin strip of 
dolomite and chert cropping out from beneath the shales in proper 
sequence, and dipping at about 30° north in conformity with the overlying 
shales. This narrow strip of dolomite enables the fault to be easily traced 
from this spot to a little west of the railway to Johannesburg, and about 
half-a-mile south of the Delagoa Bay junction. 
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A section at this point through the two parallel ranges reveals the 
following structure (see Fig. 1). 



Fig^ i. 



SECTION THROUCíH SCHANS KOP AND TIMEDALL HILL. 



S<]>.n.K.p 




Scale IJ in. = 1 Milf. 



Westward from this point, the fault takes its course entirely along 
the strike of the soft shales underlying the quartzites, and cannot, there- 
fore, be seen. The fact, however, of the shales on either side of the valley, 
and wherever exposed in the bottom of the valley, although having an 
undulatory dip, yet such dip being always in the same direction, viz., 
north, is suflScient evidence for continuing the fault-line through the 
valley. On arriving at Quagga Poort, however, the fault is again well 
seen passing over the beacon, and finally cutting off the southern Timeball 
Hill Range against the dolomite and chert. The line of fracture is par- 
ticularly well seen here, being shajp, and clean cut — so that one may 
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xH. 



stand with one foot on the dolomites, and the other on the magnetic 
quartzite of the Timeball Hill Series. The section across the fault at 
Quagga Poort is as follows (see Fig. 2). 



Fig. j. 



SECTION ACR08S TUE BEACUN AT QUA(iGA POORT. 




m9i. O M IT ^ M-mt, C^JCnt 



ápttíí-flíit = li/iir. 



In regard to the question as to whether the duplication of the Time- 
ball HiU Range is due to folding or faulting. 

The remarks made in answer to the former question tend to prove 
that the duplication is due to faulting, not folding — and that the fault 
Í8 the westward extension of the Struben Kop fracture. 

With regard to the view put forward in our paper, that the peculiar 
system of lateral displacement or faulting is due to sideward preesure 
from the east or north-east, Dr. Molengraaff says : ** I do not think we can 
imagine any f aulting by sideward pressure which would not have influenced 
the Magaliesberg, but at the same time would have affected the two other 
ranges with increasing intensity from the Magaliesberg inwards; in fact, 
I believe that we cannot conceive of any earth-movement which could have 
caused those peculiar types of faults found in our area exercising ita 
influence after the tilting of the beds of the Transvaal System." 
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The foUowing diagram will perhapB tend to show that pressure from 
the north-east such as we describe could f ully account for the disturbances 
met with without displacing the Magaliesberg Range laterally to any 
great extent (see Fig. 3). 
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From the neighbourhood of Franspoort the strike of the Magalies- 
berg suddenly alters from east and west to south-east and north-west. 
The range has apparently — from Franspoort as centre — moved through 
an angle of about 50° as shown. Suppose now, that all three ranges 
previous to this movement were striking east and west — as shown by the 
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dotted lines — what would be the effect of a movement of the series round 
this point in the Magaliesberg as oentre of the turning movement? 

The effect would be, no displacement of the Magaliesberg to any great 
extent laterally, because a point in the range itself is the centre of the 
movement. The effect on the Daspoort Range, however, would be a con- 
siderable lateral displacement. Such displacement would be equal to the 
length of aro (a) — (b) — that is to say, the length of arc intercepted between 
the original position of the Magaliesberg and Daspoort Range through 
an angle of 50°. Measurements of displacement on the map along thie 
fraoture bear out this view. The length of arc is a little over three miles. 
The lateral displacement due to the Meintjes Kop Fault is the same. 

It wiU be seen, however, that the arc moved through by the Magalies- 
berg until the original position of the Timeball Hill Range is reached 
(c) — (d) is considerably greater than the arc for the Meintjes Kop Fault 
(a) — (b). Measurements of the length of this arc on the map give about 
seven miles. According to this, the lines of fracture from this point 
(Donker Poort) should yield about seven miles of lateral displacement. The 
main line of fracture is identical with what we have called the " Struben 
Kop Fault," and it is interesting to note that the amount of displacement 
is practically identical with the measurement along the arc; this will 
f urther strengthen the view that the Timeball HiU Range found at Quagga 
Poort has been displaced from Muckleneuk (a continuation westward of 
the Struben Kop Fault) through a distance of about seven miles. 

From these views we believe that these movements occurred subsequent 
to the tilting of the beds of the Pretoria Series. 

With regard to the poorts occurring in the quartzites, it is possible 
in most cases to prove the continuity of the sedimentary rocks across 
the gap, which may be due to various causes ; where these openings contain 
a stream, they may be due to the corrosion of the river bed ; elsewhere 
they owe their origin to a fault line, as at Donker Poort and north of 
Meintjes Kop on the Wonderboom Road. Sometimes one finds a dry poort 
conveying no water ; in such a case they may represent what the American 
geologists have termed wind gaps, due to a shifting of drainage lines. To 
find an eruptive breccia in the poort is rather an exception than a rule, 
and the gap at Deerde Poort is probably due to a combination of causes — 
due to river erosion being facilitated by the presence of an eruptive 
hreccia considerably latej: than the date of consolidation of the diabases. 

With regard to the general nature of the movements, Dr. Molengraaff 
considers both the present inclination of the beds and thelr alteration in 
strike to be a result of the intrusion of the Bushveld Plutonic Series. 

In this connection it must be borne in mind that the alteration in 
strike and the dislocations consequent upon it must have occurred after 
the intrusion and consolidation of the igneous rocks, for the diabases have 
everywhere suffered displacements similar to those of the sedimentaries. 
If we suppose, as Dr. Molengraaff has suggested elsewhere,* that the 
sedimentary strata anterior to the intrusion of the igneous rocks were 
more or less horizontal, and that the alteration in strike took place at the 

* Molengraaff : **The Geology of the Transvaal," p. 57. 
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Bame time as the intrusion, then it is difficult to conceive how any duplica- 
tion of the quartzite could have arisen. While it is conceivable that the 
inclination of the strata towards the Plutonic Series may be due to the 
intrusion of the latter, we find a difficulty in conceiving how this cause 
would also account for a bending round of the strata towards the south- 
west. It seems more reasonable to suppose that this effect is later in date, 
and to be considered separately from the effects of the Bushveld Plutonic 
Series. It is interesting to find, moreover, that tlie diabases intrusive in 
the Pretoria Series pass off insensibly into the norite north of the 
Magaliesberg, The view seems to us admissible, that the whole area con- 
stituted a true geological basin before the intrusion of the Plutonic 
Series took place, and that the bending round of the strata denotes a 
later event. If we assume the Red Granite to have been intruded into 
the Waterberg Series and admit the diabases to be a further marginal 
modification of the whole series of igneous rocks, then it follows from the 
unconformable relationship of the Waterberg Formation to the Pretoria 
Series tEat the beds of the latter must have already been tilted when the 
Plutonic Series was intruded. It is possible that deep-seated contraction 
of rocks underlying all the sedimentary formations, taking place subse- 
quent to the consolidation of the intrusive rocks, produced a stress in the 
crust along a north-east and south-west line, resulting in the disturbances 
which have produced the effects now to be seen. Lastly, looking upon the 
whole series of rocks as constituting a great laccolite, we ought to find the 
strata dipping away from the intrusion in the manner characteristic of this 
type of igneous mass. The work of American geologists in particular t 
has conclusively shown that this is the normal result from the mechanism 
of laccolitic intrusions. Dr. Molengraaff is inclined to compare the 
phenomena described by Brogger J in Southern Norway to those connected 
with the Bushveld Plutonic Series. After a careful study of Brogger^s 
description, we are of opinion that the results obtained from Norway are 
not directly applicable to the relationship described in our paper. 

* Mr. E. T. Mellor read his two papers, entitled respectively " The 
Sandstones of Buiskop and the Springbok Flats,'* and ** Note on Evidence 
of Contemporaneous Volcanic Action in the lower portion of the Waterberg 
Formation." 

Mr. A. von Dessauer read Mr. H. Merensky^s paper, entitled " The 
Gold Deposits 'of the Murchison Range. in the North-Eastern Transvaal." 

Messrs. H. Kynaston, J. T. Carrick, A. L. Hall, G. A. F. Molengraaff 
and A. R. Sawyer took part in the discussion on these papers. 

There being no further business, the meeting then terminated with a 
vote of thanks to the authors for their various contributions. 

t See Oilbert : ** Geology of the Henry Mountain," cliap. iv. 
See W. Cross : " The Laccolitic Mountain Groups of Utíih," etc. XlVth 
Annual Report. Geoloíjical Survey of United States. 

See W. H. Weed and L. V. PirsRon : ** The Geology and Mineral Resources of 
the Judith Mountains of Montana." XVII Ith Annual Report, ITnited States Geological 
Survey, chap. vi., plates 82 and 83. 

t W. C. Brugger : " Die Mineralien der Syenite pefrmatitgauge," etc, Leipzig, 
1890. Specially **Die Bildungs geschicht des Christiania gebietes," pp. 80-90, 
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Monthly Meeting, held in the Council Charaber, Chamber o£ 
Mines, Johannesburg, on Monday, Ist May, 1905, at 
8'15 p.m., Mr. H. Kynaston, Vice-President, in the chair. 

The Minxitea of the Ordinary Monthly Meeting, held on lOth April, 
1905, were read íind confirmed. 

Mr. J. G. Lawn stated that prior to th% departure of Lord Milner 
from South Africa it had been decided at a meeting of representatives of 
the various technical societies of Johannesburg to present Lord Milner 
with a souvenir, consisting of a cabinet containing specimens illustrating 
the various stages in the production of gold on the Rand and an album 
of photographs. The Council had, on behalf of this Society, agreed to 
participate in the cost of the presentation, and he now proposed that the 
action taken by the Council in the matter be confirmed. Dr. McC. 
Henderson seconded the motion, which was unanimously carried. 

Mr. H. Luttman Johnson exhibited sections of a borehole put down 
neor Viljoens Drift, O.R.C., and in passing a few explanatory remarks on 
them, said : — 

Dr. F. H. Hatch has kindly placed at my disposal for exhibition to 
the Society some specimens from a borehole put down near Viljoens Drift, 
O.R.C. These specimens are of peculiar ínterest, in that they not only 
show a gradual passage of the Dwyka to the Ecca Series, but also exhibit 
thin seams of coal right in the boulder conglomerate. Dr. Hatch has in 
addition picked out some faceted boulders, typical of the Dwyka, from 
the breccia overlying the coal in the Cornelia Mine, near Vereeniging. In 
the hand-specimen exhibited from the last-mentioned locality, the coal can 
be seen both overlying and underlying the breccia. The matrix is highly 
carbonaoeous, while the pebbles are sub-angular, being composed mostiy 
of chert and quartzite. 

In the borehole under review, after passing through the coal sand- 
stone at 63 feet 6 inches, alternating bands of coal and shale were met 
with down to 84 feet 8 inches. From this point to 92 feet 1 inch the bore 
disclosed 7 feet 5 inches of sandstone. Directly underlying the sand- 
stone were 11 inches of conglomerate (92 feet 1 inch to 93 feet), then 
1 foot 3 inclies of sandstone (93 feet to 94 feet 3 inches), then 6 inches of 
conglonierate (94 feet 3 inches to 94 feet 9 inches), which latter directly 
overlay 9 feet 9 inches of coal, the bottom of which was at a depth from 
the surface of 104 feet 6 inches. 



Digitized by 



Google 



xlvi. PROCEEDINGS OF THE GEOLOGICAL SOCIETY OF 80UTH AFRICA. 

The borehole record reads from this point as foUows : — 
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The forraation from 104 feet 6 inches downwards can be classed as 
Dwyka Series. 

The results from two other boreholes situated in the neighbourhood 
confirm the results obtained from the borehole which has been described. 
In the case of both these latter boreholes, a specimen of the conglomerate 
and underlying coal has been selected for exhibition. 

Dr. Hatch's discovery points to the same conclusion as that arrived 
ut by Dr. Corstorphine in his paper on ** The Age of the Central South 
African Coalfield," read before the Society on the 8th June, 1903, and by 
the writer in a later paper, entitled ** Notes on the Geology of the Fortuna 
Valley." It is of interest to note that in the Fortuna Valley a conglo- 
merate was found apparently overlying the coal with undoubted ice- 
Bcratched pebbles, a few of which are also now exhibited. 

Mr. A. L. Hall read a paper, entitled *' Geological Notes on the Bush- 
veld Tin Fields and the Surrounding Area." He illustrated his paper by 
maps and specimens. Messrs. H. Kynaston, G. A. F. Molengraaff and C. 
Baring Horwood took part in the discussion on this paper. 

Mr. H. Kynaston read a paper ** On Certain Rocks associated with 
the Norito and Granite of the Central Transvaal." The paper was illus- 
trated by photographs. The author stated that the spccimons he had 
intended to exRibit in connection with his paper had, unfortunately, been 
mislaid, but that he hoped to be able to exhibit them on a future occasion. 

There being no further business, the meeting terminated with a vote of 
thanks to the various authors for their contributions. 
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Monthly Meeting, held in the Council Chamber, Chaniber of 
Mines, Johannesburg, on Monday, 19th June, 1905, at 
8'15 p.m., Dr. G. A. F. MolengraaíE, Vice-President, in 
the chair. 



The Minutes of the Ordinary Monthly Meeting, held on Ist May, 
1905, were read and confirmed. 

The uuder-mentioned gentlemen were balloted for, aud elected 
meuibers of the Society : — Messrs. F. P. Mennell and G. A. Mulligau. 

During the ballot for new members, Mr. H. Luttman Johnson 
exhibited photographs of Waterberg Conglomerates from the Premier 
(Transvaal) Diamond Mine aud its neighbourhood. 

The Chairman stated that as promised at a previous meeting he now 
fcubmitted a short petrograpbical description of certain specimens of rock 
exhibited at that meeting, which Mr. C. D. Leslie had obtained from the 
Lulu Mountains, in the livdenburg district. This was laid before the 
Society, and taken as read. 

Mr. A. von Dessauer read on behalf of Mr. Hans Merensky the follow- 
ing discussion upon Mr. A. L. Hall's paper, ** Geological Notes on the 
Bushveld Tin Ineïds and the Surrounding Area *' : — 

To my great regret, I could not attend the last meeting of the 
Society, when Mr. Hall read his most interesting paper ou the Bushveld 
Tin Fields, and I consequently ask permission to submit the following 
reply to some parts of his essay. 

Mr. Hall repeatedly referred to my paper which appeared in the 
Ztitschrift ftir Practische Geologie under the title of ** Neue Zinnerz- 
vorkommen in Transvaal.'^ A translation of this paper appeared in 
South African Mines of the 20th August, 1904, but unfortunately the 
tranBlation was not very acourate. 
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The first point in which Mr. Hall disagreed with me was in his 
belief that the coarse and fine-grained granites on Enkeldorn were not 
of different ages, because iíiter alia they were not separated f rom each other 
by well-defined boundaries. There can be no doubt that the intrusive 
rocks, as now shown by erosion, have very irregular and curved 
boundaries. Now and then, however, I found some veins of the fine- 
grained granite with such perfect and well-developed planes of separation 
that, in variance with Mr. Hall, I must continue to see in the fine-grained 
granite the product of an after-eruption. In order to illustrate this 
point, I place a piece of rock from Enkeldorn on the table, to which I 
beg to draw your special attention. It shows a small body of fine-grained 
granite on a fissure vein, with two well-defined planes demarcating the 
contacts of the two granites. Tliere is such a sharp passage from the coarse 
granite to the fine-graiued variety that it is very difficult to avoid the 
conclusion that the fine-grained granite is not of younger age. 

The other main point which Mr. Hall contests amounts to this : that 
the so-called younger granite cannot be the ore bringer, because the ore 
is almost exclusively connected with the coarse granite, and is not usually 
found close to the fine-grained granite. This may create the impression 
that I failed to observe the fact. It is probable that the sentence in the 
above-mentioned translation, **the younger granite is the ore-carrier," 
influenced by Mr. Hall in his remarks. He says : ** If we imagine the 
ore to have been introduced along the spaces no^ occupied by the fine- 
grained granite, then it would be reasonable to expect the tin to be more 
or less confined to this variety of the rock, yet it is often found that the 
little veins of cassiterite run right across from the fine into the coarse 
granite." It never occurred to me to claim a direct and immediate con- 
nection between the ore and the fine-grained granite, but only an indirect 
one. The word ** ore-carrier " is an unfortunate misunderstanding of 
my meaning on the part of the translator of my paper. I used in my 
original article the word * * erzbringer," which should have been 
translated ** ore-bringer," and not ** ore-carrier." The position I take 
up is clearly apparent from other parts of my paper, and I regret that 
Mr. Hall seems to have overlooked that I stated repeatedly and em- 
phatically that the greater quantity of the ore is found within the coarse 
granite. 

My opiiiion, put briefly, is that the after-eruption (nachschub) of 
the younger granite having been completed, oertain tin-bearing agents 
ascended, metamorphosed and impregnated to a small extent, from 
unimportant contraction fissures, the fine-grained granite, and to a 
far greater degree the coarse-grained granite, and this probably from 
fissures which were formed both simultaneously with and subsequently to 
the period of the after-eruption of the younger granite. Although these 
fissures are occasionally at some distance from where the fine-grained 
granite shows now on tlie surface, this does not justify the conclusion that 
the impregnation with ore has nothing whatsoever to do with the fine- 
grained granite. A close connection at greater depth is in my opinion as 
good as certain. I therefore strictly adhere to my first contention. I 
may mention, however, that Mr. Hall is quite right in pointing out the 
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absence of **greÍ8en" on Enkeldorn. My use" of the word " greÍBen/' 
though incorrect in a strictlj scientifíc sense, was perhaps permissible, 
because the name tín-zwitter, or tin-greisen, is commonly used by the 
practical miner in Germany in order to designate the zone of any rock 
adjacent to the proper fissure veins, altered by tin-bearing agents and 
simultaneously impregnated with tin. 

Proper and true greisen occurs, as Mr. Hall points out, on Vlaklaagte. 
There conditions very similar to those on Enkeldorn prevail in the parta 
of the farm where greisen formation occurs. A medium to coarse-grained 
granite of the same character as that on Enkeldorn, sometimes, however, 
of a greyish colour, is penetrated by a fine-grained red granite, which 
latter also differs in no essential point from the Enkeldorn fine-grained 
granite. I place two specimens for comparison on the table. The greisen 
on Vlaklaagte is found as an alteration product of both the coarse and 
the fine-grained granite. I consider that here also the fine-grained granite 
was the ore-bringer. In connection with its eruption, gases containing 
tin ascended in larger or smaller fissures and metamorphosed the casually 
adjacent rock, whether it was coarse or fine-grained granite, into greisen 
by the destruction and alteration of the felspar. 

This problem, the solution of which would undoubtedly be of great 
practical value, could be well cleared up if numerous analyses of the two 
varieties of granite wefe to be made. According to knowledge gained on 
other tin fields of the world, the granite, which has to be considered as 
ore-bringer, contains, as a rule, at least traces of tin in its primary state. 
Only such specimens ought to be chosen for analytical determination as 
are absolutely undecomposed, as it would be necessary to make quite 
certain that no tin ore had been introduced into them subsequent to their 
consolidation. 

Mr. J. G. Lawn read on behalf of their respective authors the follow- 
ing papers : " Notes on the Geology of the Lydenburg Gold Fields," by 
Mr. I Thord-Gray, and " The Banket Formation of Rhodesia," by Mr. 
F. P. Mennell. The former paper was illustrated by a map, section and 
specimens. 

Messrs. G. A. F. Molengraaff and A. von Dessauer took part in the 
discussion on these papers. 

Mr. G. G. Holmes read a short note on the correlation of the forma- 
tions of the Transvaal with those of the Cape Colony. 

The meeting then terminated with a vote of thanks to the various 
authors for their contributions. 
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Monthly Meeting, held in the Council Chamber, Chamber of 
Mines, Johannesburg, on Monday, 17th July, 1905, at 
8*15 p.m., Mr. Ernest Williams in the chair. 

The Minutes of the Ordinary Monthly Meeting, held on the 19th June, 
1905, wer3 read and confirmed. 

The under-mentioned gentlemen were balloted for, and elected 
members of the Society : Messrs. H. St. John Cooke, H. L. Krause, George 
Potts, W. Raffalovich, E. R. Schoch, E. H. L. Schwarz, G. A. Voskule. 

Mr. A. von Dessauer discussed Mr. F. P. Menneirs paper on ** The 
Banket Formation of Rhodesia." He said : — 

It is not due to ii parochial spirit, nor to an endeavour to claim for 
the Rand the sole possession of payable auriferous conglomerate beds, thal 
I rise to add to the remarks made at last meeting with regard to Mr. 
MennelFs classification of the Rhodesian rocks he described as conglo- 
merates, and his correlation of these rocks with the Witwat^rsrand Series. 
I am the last to deny the possibility of finding a repetition of the Rand 
Bankets at other places in South Africa, but it is not amongst the Archsean 
schists of Rhodesia that I should look for them. 

Though I cannot speak from personal knowledge of the Eldorado 
Mine at Lomagundi, I fail to find myself in accord with Mr. MenneU's 
statements in regard to the so-called banket rocks occurring there. I hold 
these rocks to be the filiings of fissures with brecciated fragments, torn 
from tho walls of the fissures and cemented together by a basic intrusive 
mass of younger origin than any of the adjacent rocks, possibly of the 
same age as the fissures themselves. 

The study of some specimens in Mr. Troye*s possession first revealed 
to me the very great difference between our conglomerates and these rocks 
from Eldorado. 

I lay one of these specimens on the table and request you to observe 
that the pebbles or rather the floating brecciated matter in it consists of 
grey granite ; some of the f ragments are well rounded, but there are also 
angular and rugged pieces, which do not deserve the name of pebbles ; the 
cement is distinctly basic, rich in hornblende. 
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As mentioned at last meeting, one of the directors of the Eldorado 
Company informed me that they had to give up the idea of a banket 
reef, as a careful microscopic examination of slides of these rocks, made 
in England, confirmed the above view, and resulted in the classifying of 
these rocks as diabasic dykes with a large number of accidental enclosures 
from the adjacent country rocks. 

Some of Mr. Mennell's arguments appear to me to be far stronger 
in support of the intrúsive than the conglomerate theory. 

Amongst these are : — 

1. The great petrographical difference between pebbles and matrix 
jn the ffldorado rock; the former being chiefly granite and granophyre, 
the latter hornblende, felspar, epidote, biotite and chlorite. In a true 
conglomerate a similarity exists between the two main constituents ; the 
matrix, the filling of the spaces intervening between the pebbles, represents 
originally and mainly the same rock as the pebbles, only in all stages of 
greater disintegration. If there is a difference chemically, it is on 
account of the matrix containing, in addition to the pebble material, also 
disintegrated matter from the more friable rocks and minerals. 

2. Pebbles that are water-borne hardly ever show the angularity or 
rugged outlines so common in Eldorado rock. It is also diflficult to 
understand the presence of such friable material as hornblende and 
chloritic schists alongside of pebbles of extreme hardness, such as granite 
and quartz; the former would certainly be disintegrat^ and crushed 
during a long portage. This extraordinary mixture of soft and hard 
material and the angularity of the pieces speak for a short distance 
transport, such as would probably occur in a fissure torn right across tho 
formation, where loose pieces of all the wall rocks were enclosed and 
carried up by the ascending intrusive magma. In this way the so-called 
pebbles need not touch one another, and the wide spaces separating them 
could be easily explained. I call your special attention to the specimen 
handed round. 

The shape of these enclosures is probably due to attrition as far as 
they resemble pebbles. As we learn that some of these fissures are 
hundreds, and even thousands, of feet wide, not every fragment need have 
been subjected to crushing forces, or to the attrition of the walls, hence 
the angularity of many of the fragments. 

3. In reference lo the contention that the pebbles often represent 
rocks entirely unknown elsewhere in Rhodesia, I beg to rocall the observa- 
tion made at Kimberley and elsewhere, that a great number of rocks occur 
in the diamond pipes as floating reef and enclosures, which occur nowhere 
on the Burface, but which have been found in sinking forming the walls 
of the pipes. 

The presence of many of these * * Uitlanders or Aliens " is impossible 
in a conglomerate, in view of their great friability. They would never 
have survived a portage from across the border of Rhodesia. There are 
also a number of rocks present of such a petrological character that they 
could not survive an existence under water without the most complete 
metamorphosis ; and still, the author calls our special attention to the 
Bmall degree of metamorphosis the pebbles have undergone. 
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AU this i8 very rauch in favour of the pebbies, or rather brecciated 
float, having been carried up f rom levels below the surf ace ; the more so, 
as I cannot agree with the author that these pebbles represent altogether 
aliens to Rhodesia; I have found all of them in the Archaean strata of 
various places in Mashonaland, perhaps with the eiception of trachytic 
and rhyolitic rocks; these latter are, however, described by Mr. A. R. 
Sawyer in his book on Mashonaland. I incline to the belief that a fissure 
tearing open the ground ** at right angles " to the Archflean schists of 
Lomagundi might well encounter all these rocks, even if they do not 
reach at present to rhe surface, through being covered by or submerged 
under the younger basement granite. 

I believe that tbese arguments, together with the microscopic 
diagnosis, will effectively contend with the classification of these rocks as 
oonglomerates. In regard to the correlation of these rocks with the Rand 
Series, I cannot do better than draw attention to two statements made by 
Mr. Mennell, namely : the unconformability of the Banded Ironstones of 
Rhodesia — called by him Hospital HiU Series — and the conglomerates, and 
the fact that the great granite masses are intrusive in all the foliated 
rocks, including the conglomerates. 

These two points are quite sufficient for any geologist in the Trans- 
vaal to assign to these rocks an age very much older than the Witwaters- 
rand Series, provided the granite corresponds to our ancient or basal 
granite, which it undoubtedly does. 

One statement made by Mr. Mennell is not clear to me, i.e,^ that the 
granite is intrusive \n the so-called conglomerates, yet it supplies the 
greatest number of pebbles. This dual part of the granite, as long as 
Mr. Mennell does not prove the existence of two granites of widely 
different age — which he omits to do — is irreconcilable in itself. 

In conclusion, I may say that Mr. Menneirs petrographical descrip- 
tions are excellent, and that his direct observations supply a great volume 
of most valuable information ; but I am afraid that I cannot foUow him 
in his deductions and oonclusions, and that I have to reject his classifica- 
tion and correlation in toto. It is almost needless to add that a change 
of name from banket to eruption-breccia does not detract in any way froro 
the value of this rock as an ore body. 

Mr. R. B. Young read, on behalf of Mr. E. H. L. Schwarz, a paper 
entitled, *' The Transvaal Formation in Prieska, Cape Colony." This 
was illustrated by a map and sections. 

Messrs. J. G. Lawn and R. B. Young took part in the discussion on 
this paper, and a vote of thanks waa passed to the author for his interesting 
contribution, and to the reader. 

There being no further business, the meeting then terminated. 



Digitized by 



Google 



VISIT OF BRITISII AS80CIATI0N. liii. 



Monthly Meeting, held in the Council Chamber, Chamber of 
Mines, Johannesburg, on Monday, 4th September, 1905, 
at 8'15 p.m., Dr. F. H. Hatch, President, in the chair. 



The Minutes of the Ordinary Monthly Meeting, held on the 17th 
July, 1905, were read and confirmed. 

The under-mentioned gentlemen were balloted for, and elected 
members of the Society : — Messrs. B. Conran, J. Gregory, J. S. Hedges, 
W. A. Humphrey, H. Miers, T. G. Trevor. 

The President said it had been the wish of the Council to hold a 
meeting of the Geolo«:ical Society during the visit of the British Associa- 
tion, but it had beeii found that engagenients had been made for every 
evening last week. By holding a meeting so soon after the Association's 
visit the Society had been able to secure the attendance of those few dis- 
tinguished members of the Association who had not yet left for Kimberley. 
To these he extended a cordial welcome on behalf of the Geological Society 
of South Africa. He understood that Dr. Davis of Ha'^vard would address 
the meeting, and he now called upon him to do so. 

In a short speech Dr. Davis said he had been much impressed by 
the great economic develppment of only twenty years' growth that had 
taken place in tliis centre. It would be unfair to expect theoretical 
geology to take first place here, but he was pleased to see what a large 
place theoretical geolog}* had occupied in the investigations of the 
geolojjists of South Africa. Regarding the extraordinary case of the 
glacial character of the Dwyka Conglomerate, he remarked that there was 
a mild scej)ticisni abroad, as the idea of the ice moving froni the equator 
towards the poles seemed beyond probability. Everyone of the geologists 
among the visitor.s had been absolutely satisfied with the interpretation 
of the geologists whom they had met here, and there seemcd to be abundant 
evidence on those matters which were stríctly geological, theoretical, 
scientific, apart from those of economic interest. It was gratifying for 
them to see that the phase of theoretical science was not neglected while 
the economic phase was being attended to. 

Professor Penck, of Vienna, also addressed the meeting, and expressed 
hÍ8 satisfaction at the interesting geological observations he had been able 
to make under the guidance of local geologists Among other things, he 
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commented upon the extraordinary amount of quartz found in the forma- 
tions of the Transvaal, and upon the fact that this quarta was in so many 
cases associated with the occurrence of gold. He also referred to the 
sub-continent of South Africa as being one in which reoent formations were 
very poorly represented, and which had been undergoing degradation for 
enormous periods of time, during which it was losing territory, while on 
the European Continent the reverse obtained, as was evidenced by the 
great mountain ranges which had been formed in Mesozoic and later 
times. He also remarked on the absence of fossils, and said that the 
Transvaal pals&ontologists must have an easy time. He concluded by 
expressing his best wishes for the f urther work of the Society. 

Dr. Coleman, of Toronto, also spoke, and a vote of thanks was passed 
to the speakers for their interesting addresses. 

The President announced that the Society had approached the 
Government in regard to the decision which had been arrived at by the 
Inter-Colonial Council not to proceed with the topographical survey of 
this Colony. He said that this decision was a very íserious matter, as 
geological maps could not be made without some topographical data to 
go upon. A copy of a letter which had been addressed to the Government 
on the subject was read. It ran as follows : — 

To the Colonial Secretary, 
Pretoria. 

Sir, 

I beg to inform you that this Society views with considerable 
regret the decision which it is understood has been arrived at by the 
Inter-Colonial Council not to proceed with the topographical survey of 
this Colony. 

A topographical map is the fundamental map on which all other 
maps are constructed for industrial undertakings, and it is diflficult to 
see how any economical or systematic scheme can be initiated without it, 
and it is needless to point out the importance of an official map of this 
kind being available for reference by all sections of the public. 

The future of the Colony lies in the opening up of the country, and 
without the data which a topographical map would supply the difficulties 
which have to be faced in this connectiou are considerably increased. At 
present the Government Geological Department is engaged in making a 
geological survey, and they are basing their work on the degree maps of 
the country, which are fuU of errors, and are very deficient in details 
suitable for the purpose, many of these surveys having been made about 
half-a-century ago, and being in consequence entirely out of date. For 
the purpose of a geological survey the topographical survey would be of 
inestimable benefit. 

In view of the above I am instructed to ask you whether there is any 
jíOPEÍbiIity of the decision mentioned at the commencement of thia letter 
being re-considered at an early date. — I have the honour, etc., 

(Signed) W. W. R. JAGO, 

Assistant Secretary. 
Johannesburg, 16th July, 1905. 
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This letter was acknowledged on 25th July, and on the 29th the 
Colonial Secretary replied, as follows : — 

The Assistant Secretary, Geological Society of South Africa, 
Post Office Box 1071, Johannesburg. 
Sir, 

In continuation of my letter of the 25th instant, I have the 
honour to inform you that your communication regarding the decision 
arrived at by the Inter-Colonial Council not to proceed with the topo- 
graphical survey of this Colony has been duly considered by the Transvaal 
Government, but the Government regrets that there is no prospect at the 
present time of proceeding with the work. — I have the hoíiour, etc, 

(Signed) E. GORGES, 

Under Secretary. 
Colonial Secretary's Office, 

Pretoria, Transvaal. 

Mr. Melvill stated that, after considerable negotiation, a sum of 
^8,000 had been placed on the Estimates for the purpose of keeping the 
present stafií of the topographical survey going for the time being. This 
amount had, however, been struck off the Estimates by the Legislative 
Council. Since then Sir David Gill had seen Sir Arthur Lawley on the 
subject, and there was a prospect of th'e matter being re-considered in 
order to enable the present staff being kept together uutil next year*8 
Estimates were brought forward for consideration. 

Discussion on the papers read at the two previous meetiiigs was theu 
invited. 

In discussing Mr. F. P. MeuneH's paper on the * * Banket Formation 
of Rhodesia," Dr. Hatch said : — 

We are indebted to Mr. Menuell for furnishing a good petrographical 
description of the so-called Bauket Formation of Rhodesia, especially the 
occurreuce at the Eldorado Mine, Lomaguuda ; but I thiuk that most of 
U8 Trausvaal geologists are agreed that Mr. MennelFs correlatiou of the 
Rhodesian rock with the Witwatersrand Couglomerates is fouuded ou 
quite insufficient evidence. The argument is briefly this : The Rhodesian 
^' banket" is closely associated with certain bauded iroustoues, which Mr. 
Mennell definitely correlates with the banded jasper shites of Hospital 
HilL In dealing with rocks of this character, mere petrographical 
resemblances are uot of much value. It is well kuown that roeks of almost 
identical character with the Hospital Hill Slate occur, both iu the Pretoria 
Series and in the older Swaziland Series. It seems probable, from Mr. 
Menneirs description of the schists with which the Rhodesiau Ironstones 
are associated, that these beloug to the latter series. From Mr. Menneirs 
detailed description of the Eldorado rock, one sees how much it differs 
in character from the Witwatersraud Conglomerates. He tells us that it 
has all the appearance of a normal hornblende schist or gueiss, and that 
the bulk of the pebbles consist of granite, granophyre, rhyolite, and 
trachyte; while the matrix cousists of green hornbleude, felspar granules, 
epidote, biotite, and chlorite ; aud finally, that the gold is principally seen 
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in cracks formed after the rock had assumed its present character and 
altered appearance. It is obvious that this description cannot in anv 
particular be applied to the Witwatersrand Conglomerates. 

It is superfluous to discuss whether the Rhodesian so-called ** banket *' 
of Lomagunda is a truê sedimentary conglomerate, or not, for Professor 
Gregory has recently inf ormed us, in a paper read before Section C of the 
British Association, that true conglomerates undoubtedly occur in associa- 
tion with the Rhodesian Schists. This fact does not militate in the least 
against the beds being a portion of the Swaziland Series, as true conglo- 
merates are well known to occur in that series in the Barberton district. 

Mr. A. R. Sawyer also took part in the discussion on this paper, and 
ttgreed with the remarks made by Mr. A. von Dessauer at the last meetiiïg. 
He could not trace any resemblance between the Rhodesian Banket and 
tho Witwatersrand Conglomerates. 

In discussing Mr. E. H. L. Schwarz' paper on the ** Transvaal 
Formation in Prieska, Cape Colony," Dr. Hatch said : — 

I thoroughly agree with Mr. Schwarz' view that the Griquatown Series,. 
Caiapbell Rand Limestone, and the Keis Quartzites of the Prieska district 
arc the local representatives of the Pretoria Series, the Dolomite and the 
Black Reef Quartzites respectively, and that they are older than the Cape 
System. Dr. Corstorphiue and* myself have adopted this view in our 
** Geology of South Africa,'* which has just been published; indeed, we 
have even gone a ste]) further by correlating the unconformably overlying 
beds (Waterberg Sandstone in the Transvaal and Matsap Beds in the 
Prieska district) with the Table Mountain Sandstone of the Southern 
Cape Coloiiy. Mr. Schwarz does not go as far as this, as in his 
view the Table Móuntain Sandstone was formed by the accumulation of 
sediments resulting froni the denudation of a continental area of which 
the Prieska district fornied a part ; and consequently this formation could 
not have been simultaneously deposited in that district. Further, he 
points out that the folding of the Griqualand Formations was probably 
prior to the de])osition of the Dwyka Conglomerate, and was, therefore, due 
to a distinct set of earth-movements from those which affected the Cape 
Systeni and tlie overlying Dwyka Series in the southern part of the Colony. 

But the stratigraphical position assigned by Mr. Schwarz himself to 
the Matsap Series is not in conflict with its correlation with the Table 
Mountain Sandstone. He states that the Matsap Beds are *'immeasurably 
younger tlian the Griquatown Beds," although they are older than the 
Dwyktt Conglomerate, which according to his observations contains 
boulders derived from tne Matsap Beds, while according to Stow, the 
latter preseut siiiooth and scored surfaces, as if they had been subjected 
to ice ttction. 

In brief, I can discover nothing in Mr. Schwarz* observations that 
militates against the correlation of the Matsap, and consequently of the 
Waterberg Series, with the Table Mountain Sandstone, which Dr. Cor- 
storphine and niyself have suggested, although Mr. Schwarz himself 
includes the Matsap Series with the Griquatown, Campbell Riind, níi»i 
Keis Series as older than the Cape S^-stem. 
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Coming now to the views advanced by Mr. Schwarz with regard to 
our Transvaal rocks, I must confess that Í find myself entirely opposed 
to him. The position of the Witwatersrand Beds as an older system 
unconformable to the Black Reef, Dolomite, and Pretoria Series has 
long been definitely established and accepted by all Transvaal geologists ; 
aud, although the correlation of the Hospital HiU Seriea with the 
Pretoria Series was at one time tentatively put forward by some 
of the earlier workers, this view has since been abandoned by 
those who first advanced it. There is not a single fact that 
I am aware of in favour of the hypothesis advanced by Mr. Schwarz that 
the Witwatersrand Beds are the crushed and sheared remnants of the Black 
Reef , Dolomite, and Pretoria Series : it would seem, consequently, a work 
of supererogation to dilate on the great disparity in petrological character 
between the two systems, more especially as the stratigraphical evidence 
as to the unconformity existing between them is sufficiently strong in 
itself to demolish the proposed correlation. 

Dr. Molengraaff also spoke on this paper. 

Mr. J. G. Lawn read a paper on behalf of Mr. J. P. Johnson, entitled 
** On the Occurrence of Palíeolithic Iniplements in the Krugersdorp 
Valley." 

Dr. F. W. Voit submitted a paper, entitled *' Preliminary Notes on 
* Fundamental Gneiss Formation ' in South Africa," and exhibited 
numerous speoimens in illustration. 

In the discussion whioh foUowed, Mr. J. McClelland Henderson 
spoke of these rocks. He said : — 

The country to which Dr. Voit refers generally is composed of Archeean 
rocks, chiefly gneiss (occasionally granitoid) penetrated by intrusive 
dykes and quartzites; the strike of the stratification is mainly easterly- 
westerly, also the course of the dykes. The dip is steep, and chiefly a 
southerly trend prevails. 

The gneiss is to a great extent garnetiferous, the garnets sometimes 
appearing as scattered specks, sometimes conspicuous as large red eyes 
in the manner ol Augengneiss, and sometimes as an accumulation of large 
cryftíuis. The garnetiferous gneiss extends across the Limpopo River to 
the Ithodesian side. The gneiss formation appears in various phases, i.e.y 
tb»n micaless stage, where it is practically composed of quartz and felspar, 
thftu again the felspar disappears and quartz only is left, constituting the 
quartzites, which often assume a green colour owing to the presence of 
scales of chlorite. Again, as hornblende gneiss and tourmaline gneiss. 
Epidote occurrences in the gneiss were also frequently observed. 

Mr. H. S. Harger said : — 

l am pleased Dr. Voit has placed on record the existence of this 
interesting formation. I passed over it myself about two years ago, and 
from what I observed I put it down as Archaean. Dr. Voit found these 
schists to be about twentv-five miles across from south to north as far as 
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the Limpopo. Its length on the strike seems to be much greater, as I 
travelled along it for about eighty miles. It is an extremely interesting 
formation, the changes in rock structure being of frequent occurreuce. 
Ainphibole schists are well represented, and the typical gneissic foliation 
particularly well developed in some parts. Near the Zoutpansberg Range, 
consisting of Waterberg Quartzites, I found it covered unconformably by 
a big amygdaloidal metaphyre sheet, coinciding in structure with that of 
the Wolmaranstad district placed by Dr. Molengraaff in the Vaal River 
System. t'urther to the east they were overlaid unconformably by oon- 
glomerate and quartzite resembling the Black Reef Series, and a little 
to the north of the latter near the Sterkstroom River they are hidden by 
grey and white sandstones, which very closely resemble the Cave Sand- 
stones, and are probably represeutative of the Upper Stormberg Beds. 
At the base of these sandstones, a few miles to the south, dark mud shales, 
containing numerous fossils of glossopteris, occur. I came. across a 
similar formation of ancient crystalline schists on the border of Natal 
and Zululand near Krantzkop. At this place there has been very great 
erosion, causing a sharp drop of over 2,000 feet from the high veld to 
the bed of the Tugela. The escarpment down which the Government road 
winds its way shows numerous sections of beautif ully folded and contorted 
rocks, such as hornblende gneiss, garnet gneiss, magnetite gneiss, mica 
schist and talcose schist. The varieties, as far as my memory serves me, 
coincide pretty closely with those found in the northern formation; and 
both are intersected by numerous veins and stringers of quartz. 

Mr. J. M. Calderwood said : — 

1 have listened with great interest to Dr. Voit's observations on what 
he terms * * Fundamental Gneiss Formation," occurring in the northern 
Transvaal, near the Limpopo. During a recent visit I also observed tho 
occurrence referred to, and in my note-book 1 find that I also express the 
opinion that we have here to deal with a very old series of rocks, possibly 
the oldest in the Transvaal. 

They are first observed in travelling north-west from Louis Trichardt, 
in crossing the Sand River, and can be foUowed by road for over twenty- 
five miles northwards to the Limpopo. 

I observed two distinct forms of granite, one which I might term a 
gnessic granite, and the other a coarse-graiued granite, which appears to 
be a younger intrusion, and which carries a large amount of epidote. The 
whole of this northern area appears to have been subjected to dynamic 
movement on a large scale, and igneous dykes are frequently met with. 
The metamorphic granite often graduates into or alternates with the 
gneiss. In the gneissic granite occurs copper deposits, which have been 
eitensively worked years ago by natives. These workings can be traced 
at surface for miles, and stone hammers and other implements are fre- 
quently found. 

The copper ore occurs in lenses, formed by dynamic movement, and 
replacement by mineral solutions. Large masses of copper glance are 
found in mining, connected in some cases by a mere stringer of spar. 
I have mentioned that the granite is metamorphic, but 1 am not in a 
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position to prove whether it is of sedimeutary or igueous origin. It is 
possible that it may have been originally igneous, and by becoming subject 
to long continued plasticity and pressure it may have acquired the 
characteristics of a metamorphic rock. An active re-crystallisation and 
re-arrangement of the minerals may have occurred, resulting in a banded 
structure, and the rock may thus have become a gneiss, indistinguishable 
from one formed by the alteration of sediments. 

If, as Dr. Voit suggests, further investigation should prove that he 
is correct in naming these rocks as ^' Fundamental Gneiss Formation,'' 
perhaps the Society will adopt the term, as being distinctive from the 
other known formatious in the Transvaal. 

Drs. F. H. Hatch and G. A. F. Molengraaff also took part in the dis- 
cussion on this paper. 

Dr. Moleugraaff gave a short description of a recent visit to the 
Pilandsberg, entitled ** Preliminary Note on the Geology of the Pilands- 
berg, and a Portion of the Rustenburg District." 

This commuuication was briefly discussed by Dr. Hatch. 

The meetiug then terminated with a vote of thanks to the various 
authors for their iuteresting coutributions. 



Monthly Meeting, held in the Council Chamber, Chamber of 
Mines, Johannesburg, on Monday, 25th September, 1905, 
at 8*15 p.m., Dr. F. W. Voit in the chair. 



The Minutes of the Ordinary Monthly Meeting, held on the 4th 
September, 1906, were read and confirmed. 

The under-mentioned gentlemen were balloted for, and elected 
members of the Society : Messrs. Edwin Soar and W. L. White. 

The Secretary aunounced that a movement was on foot to purchase 
for the Transvaal Technical Institute the electrical apparatus used by 
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Prof. Ayrton in the course of his lectures before the British Association 
during their recent visit to Johannesburg. About £185 had already been 
promised towards the amount required, leaving a balance of about £100 
stiU to be raised. Owing to the lack of surplus funds the Society was not 
in a position to subscribe anything towards the purchase of the apparatus, 
but the Council had decided to bring the matter to the notice of 
members of the Society, in case any of them might wish to contribute in 
their private capacity. Subscriptions from members would be received 
by the Secretary of the Society, and he would take steps to forward the 
amounts to Prof. Dobson, of the Transvaal Technical Institute, who was 
acting as Honorary Treasurer of the fund for the purchase of the 
apparatus. 

Discussion on the papers read at the two previous meetings was then 
invited. None being forthcoming, the Secretary stated that Mr. E. H. L. 
Schwarz had sent a reply to Dr. Hatch's criticism on his paper, which 
would be read at the next Greneral Meeting of Members. 

Mr. H. S. Hai'ger read a paper, entitled ** The Diamond Pipes and 
Fissures of South Africa." 

This paper was briefly discussed by Messrs. F. W. Voit, J. McClelland 
Henderson, M. Francke, J. L. Henderson, P. Wagner, J. P. Johnson and 
J. G. Lawn, and a vote of thanks to the author for his interesting oon- 
tribution was carried unanimously. 

Mr. J. P. Johnson exhibited some .specimens of Rhodesian Conglo- 
merate and Banded Ironstone, which he had coUected during a recent trip 
to Rhodesia. 

There being no further business, the meeting then terminated. 
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Monthly Meeting held in the Council Chamber, Chamber of 
Mines, Johannesburg, on Monday, 30th October, 1905, at 
8.15 p.m., Dr. F. H. Hatch, President, in the chair. 



The Minutes of the Ordinary Monthly Meeting, held on the 26th 
September, 1905, were read and confírmed. 

The under-mentioned gentlemen were balloted for, and elected member& 
of the Society : Messrs. Andrew Danks, C. B. Eingston, and Hj. Sjórgren. 

Before proceeding with the further business of the meeting, the 
President said he would like to welcome back in their midst. Dr. G. S. 
Corstorphine, the Honorary Secretary of the Society. 

Dr. G. S. Corstorphine read on behalf of Mr. E. H. L. Schwarz jbl 
reply to Dr. F. H. Hatch's criticism on his paper on ** The Transvaal 
Formation in Prieska, Cape Colony,'* which was as foUows : — 

The main object of my paper was to draw attention to the work of 
the Cape Survey on the continuation of the Waterberg Sandstone, Pretoria,. 
Dolomite and Black Reef Seriea south of the Orange River, but I included 
some contentious points, as I consider it the function of a GeologicaL 
Society to thrash out questions concerned with the local geology. I do not 
advance my opinions as hard and fast conclusions which I am prepared 
to uphold at all costs, but as subjects which have been interesting me a 
long time, and which I offer to the South African Geological Society to 
confirm or refute as f acts become clearer. 

I included the Waterberg Sandstone in Molengraaff's Transvaal 
Formation as I had not yet seen Drs. Hatch and Corstorphine's ** Geology 
of South Africa," and Molengraaff's grouping seemed to eiplain the facts 
better than any other scheme that I could think of. There is certainly a 
great unconformity below the Waterberg Sandstone in Prieska, and there 
is just Bufficient time for the rock to have been deposited and to Eave 
hardened before the Dwyka Conglomerate was formed. In the western 
Karroo, where the unconformity below the Dwyka Beds begins, fragments^ 
of Witteberg Sandstone are included in the conglomerate. In the latter 
case, however, the sandstone blocks are large, and show little metamorphism, 
whereas the blocks of Waterberg Sandstone in the conglomerate show that 
they have been subjected to intense alteration before they were broken off 
and rolled about to f orm the Dwyka boulders. This means that the Water- 
berg Sandstone was deposited, buried by later sediments to a great depth, 
so that the agencies of metamorphism were able to act, folded in with thel 
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earlier rock formations and invaded by the amygdaloidal lavas before the 
Dwyka Beds were laid down over it, or rather, before the glaciers that 
produced the Dwyka Conglomerate scored its surface. This interval seems 
to me to be of a vastly greater order than that between the Table Mountain 
Sandstone and the Dwyka Series, for the Bokkeveld and Witteberg Beds, 
which fill in the gap in the south of the Colony, are only a comparatively 
thin band of strata. The Table Mountain Sandstone also is quite uniform 
in character from Van Rhynsdorp to the southern part of Natal; along 
ihe whole extent I have now examined it critically, and can detecf no 
variation or tendency to become like the Waterberg Sandstone, which has 
characteristics peculiar to itself. The Table Mountain Sandstone, again, 
ÍR a shore deposit, and I cannot see how one can obtain a shore deposit 
over a thousand miles broad, which would be the case if the Waterberg 
Sandstone in the Bushveld were the same as the Table Mountain Sand- 
btone in the south of the Colony. From these considerations, I cannot 
accept Drs. Hatch and Corstorphine's correlation. 

In regard to the Hospital Hill and Banket Series being tha meta- 
morphosed representatives of the Pretoria, Dolomite and Black Reef Series, 
the Dolomite having either been crushed out or its place taken by a 
<iuartzite owing to silicification, I find Drs. Hatch and Corstorphine in 
their **Geology of South Africa " adopt practically the same view,* for 
they state that the Hospital Hill ferruginous slates are almost exactly 
paralleled in the Negaunée Series of North America; now the Negaunée 
Series is the topmost member of a tfiree-fold formation — Mesnard 
Quartzite, Kona Dolomite and Negaunée Beds — every member of which is 
€xactly paralleled by the more altered portions of the Keis (Black Reef), 
Campbell Rand (Dolomite) and Griquatown (Pretoria) Series in Prieska. 
Why should correlation be possible between similar beds in South Africa 
and North America, and not between similar beds in South Africa, for 
the Hospital Hill Seriee is almost identical with the Griquatown Beds in 
Prieska, and the Black Reef Series is surprisingly like the Rand Bankets f 

If we consider the dynamical geology of the Transvaal as a whole, my 
interpretation becomes more probable. In the centre we have an immense 
body of igneous rock intruded in the Pretoria, Dolomite and Black Reef 
13eries, leaving out the Waterberg Series for the sake of simplicity. We 
must either think that this mass of molten material absorbed the sedi- 
mentary beds, or that it pushed them aside to reach the surf ace ; the latter 
is by far the more probable. 

In Section No. 1 l have drawn what was the condition of things before 
the intrusion ; (A) represents the Johannesburg-Pretoria granite boss, and 
{B) the Vredefort mass. When intrusion took place, (A) was moved 
southwards to make way for tho new material, but (B), being anchored to 
the deep sub-structure of the earth's crust and f urther away from the zone 
of intrusion, held its ground ; the oonsequence w'as that the sedimentary 
beds became folded into Bharp folds between the two granite masses, while 
a central portion being nipped off in the axis, rode over the intensely 
folded rocks and remained unaltered. The folded rocks would naturally 

* [Unfortunately Mr. Schwarz is mistaken, for the authors mentioned refer 
only to the parallel in petrographical character.— Editor.] 
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Sections showing diagrammatically the result of the intmsion of the igneoos rocks 
of the Bnshveld (6) along a line thron^h Pretoria, Johannesbnrg and Vredefort. 
No. 1 shows the Black Reef (3), Dolomite (2), and I'retoria (I) Series lyine on the 
granite (5), and Barberton Series (4). No. 2 shows the boss A thrust soutnwards, 
the boss B remainin^ stationary. The sedimentary rocks are canght in the jaws 
of a vice and intensely folded in a synclinorium, the central portion lying flat and 
unaltered on the metamorphosed extension of the same beds. The metamorphosed 
rocks are the Witwatersrand Beds. 

become metamorphosed and injected with igneous dolerite along cracks, 
besides being faulted and subjected to subsidiary folds, while the centre 
of the synclinorium would become the seat of violent crushing and vul- 
canism, and thus give rise to the Tolcanic Elsburg Series. Such an 
interpretation explains why the Witwatersrand Beds are only found on 
the inner sides of the four granite bosses in the south of the Transvaal 
and nowhere else in the whole of South Africa. In the Cape Colony we 
get a similar sequence of events in the Earroo, which was invaded by 
immense floods of dolerite ; the expansion acted on the rocks in the south 
and produced precisely the same nature of folding. At George the Table 
Mountain Sandstone is folded into some twenty or more synclines and 
anticlines, the limbs of which are closely applied to one another, and the 
whole series dips south, apparently under the granite on the coast, though 
this is shown to have participated in the folding as well. In Baviaan's 
Eloof, where the folding is especially intense, I have fígured and described 
(Ann. Rept. Geol. Comm., 1903, Capetown, 1904, p. 124) a synclinorium 
with the central portion riding on top, like what I have supposed to be 
the case with the Pretoria and Black Reef Series between Johannesburg and 
Vredefort. My interpretation, therefore, is not a purely academical 
speculation, but is the application of principles found to be true in one 
part of the country where the conditions allow of close study, to another 
part where the problem is complicated by the beds being far older, and 
in part covered with later deposits. 

Discussion on the papers read at the two previous meetings was then 
invited, but none was forthcoming. 

Mr. J. P. Johnson read papers, entitled respectively " Stone Imple- 
ments from Bulawayo and Victoria Falls," " Stone Implements from 
Vlakfontein No. 155," and " Stone Implements from Waterval No. 41 7.*' 

Dr. Corstorphine spoke on tHese papers, and the President con- 
gratulated the Socíety in having in Mr. Johnson a member who had made 
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it his business to look after a brancli of geology which otherwise might be 
quite neglected. 

Dr. F. W. Voit read a paper, entitled " Gneiss Formation on the 
Limpopo." 

In discussing this paper, Dr. J. McClelland Henderson said : — 

We are indebted to Dr. Yoit for a most interesting paper, and for 
bringing to our attention the gneissoid rocks of the Northern Transyaal, 
also for the specimens submitted to iUustrate his paper. 

The argument, in short, appears to be that the gneissoid rocks 
encountered in the Limpopo Flats in the north of the Transvaal, and ex- 
tending bejond the Limpopo to the Rhodesian side, constitute a gneiss 
formation resembling what is known in Grermany as the Ur-Gneiss Forma- 
tion. Dr. Yoit states that he has been unable to correlate these rocks with 
tbe Swazi Beds, or with any known South African formation; he is inclined 
to ascribe them to a horizon older than anj prcTÍously identifíed in South 
>.frica, and suggests for them the name '^ Fundamental Gneiss Formation," 
should subsequent investigation confírm his obseryations. 

I have visited the Limpopo Flats district of which Dr. Yoit speaks, 
and concur generally with his observations on the occurrence of gneissoid 
rock in the region, but, so f ar as my obseryation goes, I have not noted 
any characteristics which would preclude its inclusion in the Swaziland 
Series. The micaceous homblendic and chloritic occurrences, of course, 
are all typical of the gneissic modifications. 

Geologists generally include the gneiss area — to which Dr. Yoit refers 
— in the Swaziland Series, which is mainly made up of slates, quartzites 
and schists, with intrusive granite and gneiss. 

As Drs. Hatch and Corstorphine point out, three different types of 
schist occur in the area occupied by the rocks of the Archsean System, and 
one of those types comprises the schists which are differentiations from 
the original magma, such as the gneisses amongst others, and the 
gneissose structure of the granite of the Northern Transvaal in the region 
of the Limpopo has already been remarked on by geologists. 

I understand that the Swaziland Series incfudes the Swazi Beds with 
all granitic intrusions and differentiations down to the old granite itself. 
If such be the case, can it not be that in this district in the Limpopo Flats, 
instead of a new formation, we have simply one of the usual gneissoid 
differentiations or modifications, with, perhaps, certain features varyin»^ 
somewhat from the types more generally known in South Africat 

Messrs. E. Jorissen, C. G. S. Sandberg and G. S. Corstorphine also 
took part in the discussion, and a vote of thanks was passed to the author 
for his interesting contribution. 

Mr. C. D. Leslie exhibited some specimens from the area of the old 
granite south-east of Leydsdorp, and of Lebombo rocks f rom the neighbour- 
hood of Komati Poort, which he presented to tSe Museura of the Society. 

There being no further business, the meeting then terminated. 



Digitized by 



Google 



VOIT : GNEISS FORMATION ON THE LIMPOPO. Ixv. 



Monthly Meeting held hi the Council Chamber, Chamber o£ 
Mines, Johannesburg, on Monday, 20th Xovember, 1905, 
at 8.15 p.m., Dr. F. H. Hatch, President, in the chair. 



The niinutes of the Ordinary Monthly Meeting, hekl on the 30th 
October, 1905, were read and confirmed. 

The under-mentioned gentlemen were balloted for, and elected 
members of the Society : Messrs. A. Payne Gallwey, R. L. Hewitt, and 
L. N. Marais. 

Before proceeding with the business of the meeting, the President 
welcomed back Mr. J. Kuntz, who had just recovered from a long and 
serious /illness. 

Discussion on papers read at the two previous meetings was tlien 
invited. 

The following additional remarks by Dr. F. W. Voit on the subject 
of his paper on ** Gneiss Formation on the Limpopo," were read on his 
behalf by the Secretary : — 

When I read my paper on a '* Fundamental Formation in Africa," 
I was not aware that the separation of the Swaziland Beds with the intru- 
sive granite from an older granitic gueiss formation had been mentioned 
before. Lately I came into possession of the Second Report of the 
Geological Survey of Natal and Zululand, and to my surprise I see that 
Mr. W. Anderson, Government Geologist to Natal, establishes a similar 
fundamental formation in Natal as I proposed for the Transvaal. On 
page 11 of the said report Mr. Anderson says : — 

** The granites with their accompanying gneisses, schists, and 
less altered quartzites, conglomerates, etc, which are so well de- 
veloped in the sub-coastal areas of Natal, the Engoye Mountains, and 
the Mehuoth District of Zululand, present characters which are welj 
worthy of mention. In these localities the occurrence of the granite 
among the gneisses and schists is remarkable, in that it is of a most 
erratic character. In the Engoye Mountains, to the north-east of 
Eshowe, it is present as a more or less distinct axis to the range, 
where it is flanked on eith'er side by gneisses and schists. The less 
metamorphosed rocks of this series to the east and west of the range 
are not often visible, being covered bv the newer formations: but 
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at the Matikulu lliver mouth in Zululand, a small outcrop o£ granite 
occurs, and to the nortu-west, after crossing the Umhlatuzi River, the 
large area of the Mehnoth District is formed of similar granitic and 
metamorphic gneisses and schists. Here the granite is not of the 
ordinary character of a simple intrusion, but is present on the out- 
crops as local areas among tlie gneisses and schists. In the Inchanga 
and Inanda Districts of Natal the porphyritic granite there shows 
far more evidences of having been a locally intruded granite; while 
in the Engoye Range this feature appears to a less degree. 

*• The gneisses and schists associated so intimately with the local 
areas of granite seem to be quite distinct from the metamorphic 
slates, quartzites, jasperoid rocks, and conglomerates which are 
present in the west of Zululand, in the Nkandhla and ïugela Valley 
Districts. The petrological character and mineralogical composition 
of the granites forming these erratically disposed areas, usually vary 
much, and there seems little doubt that the gneissic and schistose 
series of rocks is of a much greater age than the metamorphic rocks, 
quartzites, jasperoid rock, etc, above mentioned, and probably 
represents the oldest rocks of the Continent, the original basal series 
of this part of the world which formed the backbone of Africa, upon 
and around which all the younger sedimentary formations have been 
dcposited. On the cast coast there is a tremendous gap between this 
granitic series, with its overlying metamorphic quartzites, etc, and 
the sedimentary formations inmiediately overlying them. This is 
shown by the unconformity which exists in every case between them 
and the Table Mountain Sandstones, the glacial Ecca Conglomerate, 
and occasionally the Ecca Shales, which in dififerent localities overlie 
the granitic series unconformably." 

According to these observations, Mr. Anderson divided the geological 
íormations in Natal, from below upwards, as follows : — 

Fundamental granites with gneisses and schists. 

Intrusive granites. 

Barberton Series of Swaziland. 

Hospital Hill Series. 

And so on. But Mr. Anderson proposes not alone a fundamental forma- 
tion, which he thinks he observed in Zululand, but he goes further, and 
hints that these fundamental granitic gneisses are identical with the 
ortho-gneisses as described by me. On page 12 of the said report, Mr. 
Anderson continues : — 

** Whether this most ancient series of granites, gneisses and 
schists are the same as the Namaqualand gneisses and schists, I 
cannot yet say; but my friend Dr. Corstorphine informs me that 
lately he has identified a similar series of granitic gneisses and 
schists on the Limpopo River, to the north of Pietersburg. His 
description of the occurrence and character of these rocks on the 
Limpopo tallies exactly with this series on the east coast which I have 
just mentioned." 



Digitized by 



Google 



KUNTZ : FOSSILS FROM MADAGASCAR. Ixvii. 

I regret thut at preseiit I am uiiable to go into further details, as I 
ara eiigaged in extensive investigations outside Johannesburg. AU the 
remarks made by several members of the Society re that formation 
will receive my fullest attention after my return. 

The President regretted the absence of many members who he knew 
intended to take part in the discussion on this paper, and suggested that 
the discussion sliouhl ba postponed until the next meeting, when he hoped 
Dr. Voit himself would be able to attend. 

Mr. lleid IJell spoke on Mr. H. S. Harger's paper on *' The Diamond 
Pij)es and Fissures of South Africa.'' 

The President stated that Mr. J. Kuntz had brought some interesting 
fossils from Madagascar, which were exhibited, and he invited Mr. Kuntz 
to speak on them. Mr. Kuntz said : — 

I have put on the table some specimens which may be of interest to 
you, as they come from a country which was lately much spoken of. They 
are found a few hours north-west of Lake Itasy, in Madagascar, and about 
two and a half days west of Antananarivo, the capital of that island. 
That part of the country was once the centre of great volcanic activity, 
and the domes of trachyte, the cone-shaped sharp peaks of phonolite and 
basalt, large and small, number more than 200. 

In the north-western corner of this volcanic landscape a lake seems to 
have been existent, populated by numerous animals. One day an erup- 
tion took place east of the lake, or in the lake itself. The streams of lava 
and volcanic mud extended and spread, gradually filling up the lake, and 
driving the fleeing animals before them. In the western corner of the 
lake, now marked by the lacustrine limestone cropping out against the 
underlying gneiss, a great number of animals seem to have been overtaken 
by a mud rush, and kiUed. Only by this assumption can tlie fact that so 
many bones are found on one spot be explained. 

A spring containing carbonic acid and sulphur comes up at the same 
spot, and a creek has cut its way through the granite-gneiss just at the 
margin of the lava flows. The profile exposed in the gorges is interesting, 
showing on the one side the light reddish grey granite gneiss, on the other 
on top the black lava, below this and lying on the granite-gneiss or 
laterite, the lacustrine bluish-grey limestone, partly developed as calcareous 
breccia. Wliere the lava overlies directly the undecomposed granite-gneiss 
tlie surface of this rock is opalized, showing a, cover of milk-opal up to 
1 inch in thickness. 

Among the specimens I brought with me are several skulls of a small 
kind of hippopotamus, and another skull which I could not identify, but 
which may belong to a kind of rhinoceros, or another species of 
hippopotamus. A large shell of a turtle and numerous other interesting 
specimens I could not take with me, as I had not enough carriers for them : 
but I am sure that digging there would bring a rich harvest to the 
palieontologist after the necessary permission has been secured from the 
French Government. 

As these skulls show, the species of hippo in Madagascar was much 
.smaller than we are accustomed to see in Africa, but they prove that 
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the fauna of Madagascar is, or at least was, once related to that of tlue 
African Continent, and that in former geological periods the island mav 
have been connectec\ with the mainland. But this must have been already 
before the cretaceous period, for the sediments of this period covering the 
western coast of the island prove that at that time Madagascar was 
already an island. 

' There are also evidences that the island once extended further east : 
there is no proof, however, either in the fauna or in the flora, that it 
was once connected with the Australian or Asiatic Continents. 

The long isolation of tlie island caused the larger animals to degene- 
rate and eventually die out, while others were stopped in development. 
Therefore we stiU find to-day, in Madagascar, animals of former periods, 
like the lemurs, which, in other parts of the earth, died out long ago or 
developed into more perfect ones. 

The President drew attention to the interesting nature of Mr. Kuntz* 
discovery, and pointed out the bearing that it had on the supposed land 
connection between Madagascar and the mainland, as shown by the former 
existence in Madagascar of hippopotamus, elepliant and other animals 
which no longer lived there, but still survived in South Africa. Tlie 
interesting fact that the relics of these animals are imbedded in lava 
shows that the Madagascar volcanoes have been active at no very distant 
geological date, although not within the memory of man. 

A paper entitled *' On the Relation betw^een Ore Veins and 
Pegmatites," by Professor R. Beck, Freiberg, communicated to the Society 
by Dr. F. W. Voit, was read by the President in the absence of Dr. Voit. 

The President said that Professor Beck's paper was of the greatest 
interest. It showed the relation that existed between pegmatites and dyke 
rocks on the one hand, and pegmatites and ore veins on the other. 
According to the author, pegmatites occupy an intermediate positiou 
between dykes and ore veins. Professor Beck's paper dealt with the sub- 
ject of the action of deep-seated superheated aqueous vapours in producing 
pegmatites and ore veins. Equally important, although only incidentally 
mentioned by Professor Beck, was secondary fumarole or pneumatolytic 
action, by which exhalations of boracic and hydrofluoric acids caused tlie 
development in the rocks they attacked of such minerals as tourmaline, 
topaz, axinite, scapolite, fluorspar, lepidolite and cassiterite. It was 
generally believed that the tin deposits of the Transvaal owed their origin 
to a secondary pneumatolytic action. rather than to a primary deposition 
from aqueou9 solutions. 

After some discussion, in which Mr. Rayllar joined, the President 
asked the Society to accord a hearty vote o! thanks to Professor Beck for 
his very interesting and instructive paper. He thought members woukl 
agree that it showed the estimation in which the Society was hehl whe-u 
papers like this were communicated fo it by a distinguished European 
savant. 

There being no further business, the meeting then terminated. 
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Monthly Meetiiig held in the Couneil Chamber, Chamber o£ 
Mines, Johannesburg, on Monday, 18th December, 1905, 
at 8.15 p.m., Dr. F. H. Hatch, President, in the Chair. 



The Minutes of the Ordinary Monthly Meeting, held on the 20th 
November, 1905, were read and confirmed. 

The under-mentioned gentlemen were balloted for, and elected 
members of the Society : — Messrs. A. J. R. Atkin, A. J. de Roos, and 
C. A. Ruhs. 

The President announced that the Council of the Geological Society 
of London had presented a set of the Transactions and the Quarterly 
Journals of that Society, and a unanimous vote of thanks was accorded to 
the Council of the Geological Society of London for their valuable 
donation. 

Messrs. C. G. S. Sandberg and E. Jorissen contributed the foUowing 
discussion on Dr. F. W. Voit's paper on the '* Gneiss Formation on the 
Limpopo " : — 

In criticising Dr. Yoit's paper on the *' Gneiss Formation on the 
Limpopo," we must emphatically agree with those of our colleagues who 
ccnsider that Dr. Voit has given no proof at all that this formation on the 
Limpopo underlies our Swaziland Beds, nor that it is an older formation. 

UR-GNEISS FORMATION. 

Credner's Ur-gneiss Formation is a distinct complex, which need not 
be further described, forming the bottom of his Archaean System. 

It is, according to this author, tlie first sedimentary rock deposited 
on his '* Fundamental Formation*^ or the " Erstarrungskruste," and it is 
covered, as you know. by the Crystalline Schisf Formation. 

It, moreover, consists, according to our great master, of a typical 
sequence of rocks, having a typical petrographical character. 

Some of his followers — and it would seem that Dr. Voit is onc of 
them — have now gone so far as to profess that these two distinctions are 
snfficient to place a formation presenting these two characters at the bottom 
of the Archoean System wherever it is met with on the face of this globe. 

Credner himself, however, distinctly warned against such a conclusion, 
08 the same rocks can occur, he says, in unquestionably younger formations. 

Dr. Voit nowhere establishes the stratigraphical relation between his 
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gr.eiss formatioii and any otlier, but he distinctly says : **'.The general 
character of the formation is the same as of those put down as basement 
formations in other parts of the world, such as the Urgebirge in Scan- 
dinavia, etc, for the greater part of the formation consists of all sorts of 
gneisses. . . .' 

Thus his conclusions throughout the whole of his paper are based on 
the lithological character of the complex. 

Now it wiU be as well to draw attention first of all to the fact that, as 
far back as 1887, Michel Levy followed closely by MM. Fouque and 
Lacroix, proved that the same gneiss complexes could be found iu far 
younger geoiogical deposits. 

For instance — in one of these, an andalusite schist in Bretagne, a 
palaozoic trilobite was found well preserved. 

Furthermore, M. Cayeux, of the Parisian School of Mines, found in 
the Peloponnesis (Greece) true gneisses, some of which contained determin- 
able cretaceous fossils. 

We could easily multiply these examples by taking our quotations 
from the works of the Aipine geologists, MM. Heim, Sclnnidt, Schardt 
and others, who, for instance, found in the Bundnerschiefer, considered 
by some to be the equivalents of the Schistes Lustrés, unquestionable 
Liassic fossils. 

Besides these quotations from some of the most eminent of our modern 
geologists, we would refer to Dr. Grubemann's magnifícent work, ** Die 
Kristallinen Schiefer," and to the observations made by one of us in the 
Western Alps. 

He there proved that the Schistes dte Casauna, in which we find the 
Ur-gneiss-complex, the phyllites, etc, belong to the Anthracolitic period, 
and that the petrographical constitution depended entirely on the situation 
of the deposit, the breast of the anticlinal fold being composed of a soft, 
black coal shale, the root of a gneiss, the difference of altitude between the 
two spots being one of only 4,700 feet. 

Now this complex had been placed by Charles Lory in 1888 in hia 
** Terrains Primitffs," by Prof. Bonney iii f889 in the ''Kristallophyllien' 
(group of phyllades), by others again partly in the Permo-carboniferous 
period. (See Etudes Géologique sur le Massif de la Pierre a Yoir : by Dr. 
Sandberg. Plates IL and IIL, Sections L, II., III., V., and VI.). 

Lastly, the much discussed ** Lustrous Schists " of the Alps with their 
Pietre-Verdi ; they are placed by Prof. Bonney on the top of his Archsean 
Group, by Mr. Gregory in the Prepalaeozoicum, and by MM. Mattirolo 
and Laccagna in the Palseozoicum — the two first-named arriving at their 
conclusions on petrographical considerations, the two Italian masters basing 
their deductions on tectonical grounds. 

Thus one of us has clearly proved in the work above quoted that thia 
complex can consist of deposits of ages from the Rhaetíc up to Tertiary; 
thus certainly not older than Rhíetic {loc, cit. ; fig. 6, p. 57). 

We think these examples prove quite conclusively that the presence 
of a certain well-defined complex of gneiss and schists — even if they are 
at what appears to us to-day to be the bottom of the stratigraphical 
sequence — showing the so-called typical petrographical constitution of the 
Ur-gneiss and Ur-schist Formation, is not sufficient evidence from which 
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to conclude that we are in the presence of this Ur-formation. Now Dr. 
A oit has not even proved that his Limpopo Formation is at the bottom of 
the African sequence, and while it is now beyond doubt that in other parts 
of the world such a complex is also found in younger formations, we can- 
not for the moment accept it on his evidence that we have to do here with a 
formation older than our Swaziland Beds. 

Dr. J. McClelland Henderson read a paper, entitled ** New Facts 
bearing on the Extension of the Main Reef Eastward." This was illus- 
trated by a plan, sections and specimens of borehole cores. 

Discussing Dr. Henderson's paper, Dr. Hatch said : — 

The facts furnished by the Daggafontein Borehole No. 6 were an 
important addition to the proof of the theory that the Nigel was identical 
with the Main Reef. The section of the beds cut in this borehole corre- 
sponded in every particular with the normal section of the Upper Wit- 
watersrand Formation from the Kimberley Series to the Main Reef, as 
developed in the East Rand. When, some time ago, the bottom bed of the 
Kimberley Series resting on the Kimberley slates was found in Daggafon- 
tein Borehole No. 3 to contain as much as an ounce of gold to the ton, many 
people jumped to the conclusion that this must be the Main Reef, in spite 
of the plain evidence of the geological section. Fortunately, the Dagga- 
fcntein Company placed sufficient reliance on their scientific advisers to 
bore in No. 6 Borehole to a depth of some 1,200 feet below this Kimberley 
Reef, and have been rewarded by striking the Main Reef carrying good 
values at a depth of 3,692 feet. This result, combined with the excellent 
results obtained from samples of the reef recently cut in Geduld No. 2 
Shaft, should inspire confidence in the f uture of the Van Ryn-Nigel syncline 
as a gold-producing district. 

Mr. C. B. Brodigan also spoke on this paper. 

Mr. J. H. Ronaldson read a paper, entitled ** Notes on the Copper 
Deposits of Little Namaqualand," which was illustrated by a plan. 

A paper, entitled *' The Pretoria Series and Associated Rocks in the 
Marico District," by Mr. G. G. Holmes, was, in the absence of the author 
and owing to the lateness of the hour, taken as read. The President stated 
tbat the paper was accompanied by a map and sections and represented 
the result of some six months' field work by the author in the Marico 
District ; he felt sure that it would be read with interest by members when 
published in the Transactions of the Society. 

Some photographs, illustrating the unconformity of the Elsburg 
Series to the Lower Witwatersrand Beds in the Klerksdorp Disfrict were 
exhibited by Mr. E. Jorissen. 

The meeting ithen terminated with a vote of thanks to the various 
authors for their contributions. 
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TnE Gkology ov a Paut of tiie Rustenbukg District 
(Reacl 20th February, 1905). 

By G, G. Holnies. 

[Plate L] 

The country described in Ihis paper, and shown on the accómpanying 
map, is situated mainly in the Rustenburg district. It is crossed in a 
north-east and south-west direction by the range of hills known as the 
Witfonteinberg. This range is well defined for a distance of about fifty 
miles, and connects the Dwarsberg on the west, with the Waterberg Hills 
on the north-east. It forms a division between the plain, dotted with 
groups of small hiUs extending southwards to the Pilandsberg and the 
Bushveld, which on the northern side extcnds from this range to the 
Transvaal boundary. 

The Witfonteinbergen consist of several separate ridges, the highest 
of which rises to a height of from 700 feet to 1,000 feet above the 
surrounding country. 

Twenty miles west of the boundary of the Rustenburg and Waterberg 
districts, the Crocodile River runs through the range in a northerly 
direction; in this vicinity the hilly country is about ten miles wide, and 
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there are two principal ridges. The southernmost of these ridges is 
Bituated about two miles north of the confluence of the Zand and Crocodile 
Rivers. The second ridge is parallel to the first, and four miles further 
to the north. The Crocodile River in its course through the Witfontein- 
berg Í8 joined by ita tributary, Bierspruit, just before passing through 
the second ridge at a place known as Vleighpoort. To the north of 
Vleighpoort are two lesser parallel ridges, distant from that place three 
and five miles respectively. 

The Witfonteinbergen are not shown so conspicuously on the maps 
of the Transvaal as they should be. This perhaps is due to the 
fact that the country there is only pártially surveyed. Some of the hills 
are not indicated, and a partial topographical survey becomes necessary 
before the geological features can be plotted. 

That portion of the Rustenburg district which lies east of the 
Crocodile and south of the Zand River consists mainly of a hilly region, 
including the Boshof Mountains and portions of the Elandsberg and 
Rooiberg Ranges. 

Dr. Hatch, in a paper read before the Geological Society of South 
Africa in March, 1904, has described the formations of the country in 
the neighbourhood of the Dwarsberg Range. The strike of these forma- 
tions is east and west, and passing from south to north they are found 
in the following succession : — 

The Red Granite, occupying the basin to the south. 
The Pretoria Series, forming the Dwarsberg Range; the Dolo- 
mite, Black Reef and Ventersdorp Series in succession to 
the north of the range. Tho stratified rocks dip southwards 
at angles of lO'' to 20°. 
AU these formations extend in a north-easterly direction over the 
Witfonteinberg area, but whereas in the Dwarsberg area they occur in a 
comparatively regular and undisturbed condition in the Witfonteinberg 
they are much disturbed in places by faulting ; this disturbed condition 
increases as one proceeds in a north-easterly direction. 

THB WITFONTEINBERQ. 

The formatious in the Witfonteinberg are not exactly continuous witu 
the same beds in the Dwarsberg area, but are displaced to the north about 
three miles ; the direction of the strike changes at the same time f rom east 
and west to north-east and south-west. 

The displacement is apparently caused by a fault striking in a 
north-west and south-east direction, evidence of which can be seen in the 
vicinity of Rhenosterkraal on Bierspruit, where the Red Granite occurs 
north of the Pretoria Quartzites, and a few miles south of Gansvleigh, 
where the Dolomite can be seen to the north of the Black Reef. Parallel 
to the fault are several large dykes, which extend radially from the Red 
Granite on the south through the Pretoria Beds and Dolomite. 

The most remarkable feature of the geology of the Witfonteinberg 
is the duplication of some of the formations over long distances. This 
duplication has been represented by Dr. Molengraaff on his sketch map 
of the Transvaal as an anticlinal fold ; but the formations are indicatcd 
on this map many miles too far south. 
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A close examination shows that the dip of all the beds is in the 
same general direction — namely, to the south-east. The duplication is 
evidently due to longitudinal step-faulting on a large scale, of the same 
nature as that described by Dr. Molengraaff as occurring in the Pienaar 
Valley, and as caused by the subsidence of the Magaliesberg Quartzites 
towards the Red Granite on the north. The faulting in the Witfonteinberg 
is, however, on a far larger scale, and is in a reversed direction; the 
subsidence having taken place towards the south. 

The duplication of the Pretoria Beds and Dolomite in the neighbour- 
hood of the Crocodile River extends for a distance of about twenty-six 
miles, as is represented on the accompanying map (Plate I.). Eastwards 
the northernmost strip of these beds is found ' to disappear under the 
Granite and Waterberg Series in the neighbourhood of Gatkop; 
while the southernmost strip extends beyond the limits of the map to 
a point four-and-one-half miles west of Warm Bath, where it is represented 
by a narrow band of Pretoria shales, dipping from 65® to 70** southward. 
It ÍB accompanied in places by the underlying Dolomite, and it ends 
against the granite which covers the country both to the north and south. 

I have only touched on this line at a few points between Zand River 
Poort and Warm Bath, but I believe the Pretoria Beds to be continuously 
exposed between thése two places. Felsites belonging to the Red 
Granite are found to tne north of the northernmost occurrence of 
Dolomite, and can be traced for a distance of seven miles between Sterk 
River Poort and the farm Makipzan. A small outcrop of this felsite also 
occurs on the farm Mooivlei (144), situated on the east bank of the 
Crocodile River, about three miles north of Vleighpoort. The occurrence 
of this rock there points to a great extension of the Red Granite west of 
the Waterberg Hills, north of the outcrops of the Dolomite and associated 
formations. On the eastern side of the Crocodile River a third occurrence 
of the Pretoria Beds and Dolomite, underlaid by Black Reef and Venters- 
dorp Beds, was traced for a distance of seven or eight miles in a north- 
easterly direction. 

Besides the duplication of the Pretoria Beds and Dolomite just 
described, the Black Reef is found to be separately duplicated in a similar 
manner over a long distance. From Holfontein to a point four miles 
east of the Crocodile River the Black Reef Series outcrops and forms 
two parallel ridges, about two miles apart. The dip in both ridges is 
towards the south, and varies from 25® to 40®. Between the two ridges 
beds belonging to the Ventersdorp Series occur; these beds are not very 
conspicuous, but are found in places on the northern slope of the 
southernmost ridge, and also on a few isolated hills in the valley between 
the ridges. The most conspicuous of these hills is situated on the farm 
Buffelsfontein (680), near Holfontein. Beyond the most northern 
occurrence of Black Reef in this line, the country is covered by soíl and 
bush, and the underlying fórmation is difficult to íind. 

The structure of the country will be better understood by a reference 
to the two accompanying sections (see Plate I.). The first section is along 
the line "B" to " A," which is drawn in a north-west and south-east 
direction, roughly parallel to, and distant about four miles to the west 
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of the Crocodile River. The second is along the line ** D " to ** C," drawn 
across the Zand River in a north and south direction, about half-way 
between' the Crocodile River and Gatkop. 

The southern ends of both lines start in the Rod Granite, which, as 
is shown on the map, extends over the Bierspruit Valley, and over the 
Crocodile River Valley northwards to a poiut three miles south of the 
confluence with the Zand River. On the west side of the Crocodile River 
these rocks are conspicuously exposed on the various groups of hiUs in 
this area, notably, on Spitzkop and Zwartkop. These plutonic rooks arc 
here chiefly of a basic nature; associated with them, large deposits of 
magnetic iron ore are found at several points along Bierspruit Valley. 
On the east side of the Crocodile River the igneous rocks are of an 
acid nature. In the Boshof Mountains are extensive outcrops of coarse 
crystalline red granite passing into micro-granite and porphyritic felsite. 

Both section lines cross the duplication of the Pretoria Series and 
Dolomite described above. The Pretoria Beds are represented by 
quartzites, forming the upper i">ortion, and banded ferruginous shalee, con- 
taining in some places bcds of pure hematite, several feet in thickness, 
forming the lower portion. A small outcrop of slate, containing chiastolite, 
belonging to this formation, was noted on the farm Grootfontein (H6). 
The shales, owing to their resistance to weathering, form the crestfl 
of the two ridges shown on tne sections, and immediately overlie 
the Dolomite which is found on the northern sides of the ridges, extending 
in some places into the intervening valley. The shales, though not easily 
disintegrated, are fissile along their bedding-planes. The weathering of 
the underlying Dolomite has caused undermining, and they have fallen 
in large quantities. For this reason the'DoIomite is covered in many 
places by large masses of débris, and can only be found by climbing 
almost to the crest of the ridge. 

Some breccia is fouud in places along the lines of longitudinal 
faulting. On the line ** D " to ** C '' the Dolomite outcrop extends into 
the valley between the two principal ranges, and to the north, and distant 
only about 100 yards, the second occurrence of Pretoria Beds is found, 
consisting of a small ridge of quartzite running lengthwise with the 
valley, with a southward dip. Tlie south face of this ridge consists of a 
slightly overhanging cliff, from 50 feet to 60 feet in height, and is 
evidently a fault escarpment formed by the fault indicated on the Section 
**D" to ** C." On this line intruded beneath the most northerly occurrence of 
Dolomite is found felsitic rock belonging to the Red Granite Formation, 
upon which extending northwards lie conglomerates and sandstones of 
the Waterberg Series, dipping slightly towards the north. 

The Dolomite in the Witfonteinberg in most places shows no striking 
peculiarities ; where found in contact with the igneous rocks on the north 
of the range it is partially changed into a greyish marble. In the 
neighbourhood of the transverse fault crossing the formation south of 
Gansvleigh, a metamorphism of the Dolomite has occurred, and the rock 
is thickly sprinkled with radial crystalline aggregates of tremolite. 

Following the section line "B" to "A" the Black Reef is found 
underlying the northernmost occurrence of Polomite, beyond which, after 
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passing over some rocks belonging to tlie Ventersdorp Series, is a second 
occurrence of Black Reef ; the duplication is caused by the second longi- 
tudinal fault shown on the section. The Black Reef is represented by 
quartzites and beds of conglomerate ; the latter are in places several feet 
thick, and form a conspicuous feature. 

The Ventersdorp Beds are represented by volcanic breccia and 
amygdaloidal rocks. On Buffelsfontein (680) an amygdaloidal rock 
occurs, showing a íluidal structure, the cavities in which the amygdales 
have beên deposited being drawn into elongated forms. 

A noticeable feature which is indicated on these sections is the 
difference of the angle of dip observed in the beds which compose the 
two principal ridges ; the beds in the southernmost ridge have the greater 
inclination. In this ridge also the beds show a marked ílattening in 
places in the more elevated portions. 

THE BOSHOF MOUNTAINS. 

The area to the south of the Zand River, including the Elandsberg 
and the higher portions of the Boshof Mountains, is covered with an 
extensive patch of quartzite, with some slates belonging to the Pretoria 
Series. These beds eitend eastwards to the foot of the Rooiberg, and south- 
wards in a narrow belt as far as the Aapies River. They are apparently 
completely detached from the same beds which occur to the north of the 
Zand River, a belt of Red Granite having been intruded between. The 
difference in dip between these two occurrences of Pretoria Beds is 
noticeable, those north of the Zand River having a dip of 60° southwards, 
while south of the Zand River the áip is from 10° to 15° in a north-easterly 
direction. Over the northern portion of this area the quartzites lie immedi- 
ately upon the granite, which shows evidence of its intrusive character, 
numerous veins extending into the lower beds of quartzite. In the 
southern portion of the area, a few miles north of the confluence of the 
Aapies and Crocodile Rivers, the formation is disturbed, and shales and 
Dolomite are exposed underlying the quartzites. The shales are similar 
to those constituting the lower beds of the Pretoria Series in the Witfon- 
teinberg. A belt of Dolomite, from half-a-mile to a mile-and-a-quarter 
in width, occurs; it forms the crest of an anticline, and runs in a north 
and south direction. The overlying beds have dips of 30° towards the 
west, and 60° towards the east. 

The cause of the disturbance in the stratified rocks of the Wit- 
fonteinberg is to be looked for, no doubt, in the intrusion of the plutonic 
mass, known as the Red Granite Formation, which is recognised as being 
of later date than the Pretoria Beds and associated formations. A 
reference to Holengraaff's sketch map of the Transvaal wiU show that 
the Red Granite is almost surrounded by the Pretoria Beds, Dolomite and 
Black Reef Formations, and that a general subsidence has caused them 
to dip from all sides towards the central portion in a fairly regular manner. 
Towards the north, however, between the Magalakwin River and the 
sources of the Matlabas River the continuity is broken, and the plutonic 
mass, overlaid for the most part by Waterberg Formation, extends north- 
ward to within twenty miles of the junction of the Palala River with 
the Crocodile River, where it comes into contact with the Basement 
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Granite. The disturbance in tUe stratified rocks on either side of this 
northern extension of the plutonic mass is) what might be expected. A 
portion of the disturbed area on the western side has been dealt with in 
this paper, and from observations which I have made on the eastern side, 
in the neighbourhood of Piet Potgietersrust, I may say that there they 
are of a similar uature. 

From the structure of the Red Granite, I think it probable that it 
has been built up by prolonged volcanic action, lasting over an extended 
geological period. If we accept the theory that during prolonged Volcanic 
activity the first rocks produced are likely to be of an acid nature, followed 
by those of a more basic composítion, we might look upon the various rocks 
included in the Red Granite Formation to have been produoed in this 
order. The basic dykes which cut through the Waterberg Formation in 
Buch great numbers would represent the final products of the volcanic 
action connected with this formation. That the Waterberg Beds are more 
recent than the main bulk of the Red Granite is most likely, from the fact 
that they lie in a comparatively undisturbed position in the vicinity of 
the areas where so much dislocation has been caused by the Red Granite 
in the Dolomite and Pretoria Beds. 

I have pointed out in a previous paper the occurrence of numerous 
pebbles in the conglomerates at the base of the Waterberg Series, 
formed of felsíte of a similar nature to that occurring in the upper 
portions of the granite; when, after travelling over miles of country 
composed of this felsite, one comes across an overlying conglomerate 
composed chiefly of pebbles of a similar rock, the argument for the more 
recent age of the latter presents itself in a very convincing form. 

The occurrence of slickenside faces in the Red Granite rocks, noted 
especially in the hills north-west of Warm Bath, near the contact with 
the Waterberg Beds, points to movements having occurred in the former 
formation sufficient to account for the comparatively high angles of dip, 
from 40° to 45°, which the Waterberg Beds show in some places near 
the contact with the Red Granite. 



EXPLANATION OF PLATE L 

Geological Map of a portion of tlie Rustenburg DÍHtrict, witli two sections. 
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On Folding ANi) Faulting in the Pretohia Series and the 
DoLOMiTE (Read 20th February, 1905). 

By A. L. HaU, B.A., F.G.S., and F. A. Steart, F.G.S. 

(I^iblished by perniission of the Director of the Geological Survcy). 
[Plates IL and IIL] 

INTRODUCTION. 

The object of the following paper is to describe the disturbanceB 
seeu in the beds belonging to the Pretoria Series and the Dolomite in 
the vicinity of the Capital, and in the Hennops River Valley to the 
south-east of Irene. 

That the formations in question display a considerable amount of 
folding and faulting is well known, und the remarkable and sudden 
alteration in strike of the Magaliesberg Quartzite east of Hatherley has 
been pointed out by several observers — but the detailed mapping of the 
area of Pretoria being now completed, it is possible to trace the nature 
of the dislocations, and to recognise their efiíect on tho topography of 
the country affected, as well as to ofiíer some suggestions as to the origin 
of tho earth movements. The field work represented in the map 
accompanying this paper was executed at difiíerent periods. 

Thus during May of 1904, Mr. Hall was engaged in mapping a belt of 
country which, roughly, coincides with that portion of the drainage basin 
of the Hennops River which lies io the south-west of Irene. During this 
work, evidence accumuluted to show that the Lower Beds of the Pretoria 
Series had beeu folded over the Dolomite, and that the resulting structure 
had been complicated by a thrust plane, placing a strip of Daspoort 
Quartzite between two belts of Dolomite. 

Finally, during December of last year, both authors carried the 
mapping of the Irene area northwards aa far as Wouderboom Poort, to 
the north of Pretoria, and were, fortunately, able to use as a topographical 
basis an excellent special map, on the scale of two inches to a mile. This 
scale admits of the recording of much detail, and it was possible to link 
together the evidenoe obtained from the two areas. 

SBQUKNCE OF THE BEDS IN THB UNDISTURBBD AREA. 

In order to appreciate the structure of the faulted r^ions, it is 
neoessary to brieíly summarise the sequence of formations and their 
oharaoteristics in the area, which shows no signs of dislocation — for 
example, to the west of Quagga Poort. Taking one's stand on the top of 
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tlie range of Dolomite, on which the Quagga Redoubt is situated, and 
looking to the north, one notices the prevalent east and west strike of 
the formations, while three well-markeid lines of hills, alternating with 
valleys, arrest the eye. The most northerly, which is at the same time the 
highest and most conspicuous, constitutes the Magaliesberg Quartzite. 
Then foUows a valley of shales with intrusive diabases, bounded on the 
south by the second range — the Daspoort Range, another quartzite, but 
rising to a lesser height than the Magaliesberg Quartzite. Below the 
Daspoort Range follows a secoud vailey of shales and diabases, bounded on 
the south by a low-lying, somewhat inconspicuous line of hiUs, of which 
Proclamation HiU forms a part. This is the lowermost or Timeball 
Quartzite, much thinner and different in character to the upper ones. 

Since the shales of the Pretoria Series are easiiy eroded, they 
generally form low-lying ground, and are not likely to have preserved 
any effects of earth movements, as they are nearly always thinly bedded, 
much jointed and liable to display minor contortions under ordinary 
conditions. 

The quartzites, on the other hand, consisting of hard massive thickly 
bedded rocks are far more suitabie for preserving the effects of earth 
movements. Of the three quartzites, the Magaliesberg Quartzite is by 
far the most massive, with an approximate thickness of 1,000 f eet ; then 
comes the Daspoort Quartzite, with a thickness of 200 feet to 300 feet. 
In both these formations we find a continuous sequence of hard rocks with 
no conspicuous intercalated shales. But in the Timeball Quartzite we meet 
with an alternation of quartzites and shales, the former beds usually froni 
5 feet to 22 feet thick, and occurring at at least three separate horizons. 
Several features mark off this quartzite sharply f rom the two upper ones ; 
iu the first place there is the constant occurrence of at least two bands 
of Magnetite-quartzite, which stand out as bold black lines in the 
laiidscape, the upper band being the more conspicuous one. Associated 
with the bands of Magnetite-quartzite are thin bands of white quartzite. 
Theu again the colour of the Tinieball Quartzite is usually distinctly red, 
while at the sanie time it often gives rise to a peculiar trough-like form 
of weathering. All the special fcatures of the Timeball Quartzite have 
proved most helpful in following out the complicated foldings and disrup- 
tions occurring in it. 

It follows thereforc that we must anticipate the niaximum effect of 
dislocation in the Tinieball Series, siiice the preponderance of slialy beds 
would niake it readily yield to stresses, while the resistance of a few thin 
quartzite bands would enable it to permanently record the effects of such 
stresses. 

The Daspoort Range, consisting of a moderate thickness of 
quartzites, with no intercalated shale.s, should sliow an intermediate degree 
of displacement, while the very tliick Magaliesberg Quartzite should show 
the minimum amount of movement. It is interesting to notice that this 
is exactly what one finds in the field. The Magaliesberg Quartzito con- 
tinues in an unbroken line from the west of Pretoria through Pienaars 
Pc)ort tó at least as far ás Bronkhorst Spruit, suffering only an occasional 
slight lateral displacement, as at Donkerpoort and elsewhere. The 



Digitized by 



Google 



HALL AND STEART : FOLDING AND FAULTING IN THE PRETORIA SEREES. 9 

Daspoort Quartzite shows much more displacement, giviiig rise to four 
ranges between Daspoort and Lynwood, while finally the Timeball liange 
shows along its whole length an extraordinary degree of disturbance. 

THE ABRANGEMENT OF BEDS IN THE DISTURBED AREAS. 

(a) In the Neighhourhood of Pretoria. — The most disturbed areas 
lie to the east, south-east, and south within a radius of about seven miles 
from the capital. In every case it was found that the diabases have 
undergone the same displacement as the sedimentaries, into which they 
are intruded, and the sudden transition from one type into the other 
while passing along a line of strike is very marked, enabling one some- 
times to fix the fault line to within ten yards, or even less. 

As already alluded to above, only the Daspoort and Timeball 
Quartzites show actual displacement, and the most convenient plan is to 
see what happens to each of these formations as they are traced from 
their normal position in the west of Pretoria to the east and south-east. 

The most effective displacements are apparent along three fault 
lines. These are in order from west to east : — 

(a) The Meintjes Kop Fault. 

(b) The Struben Kop Fault. 

(c) The Lynwood Fault. 

These three faults run somewhat parallel to one another for some 
distance, and in a direction, roughly, from north-east to south-west, but 
the Meintjes and Strubeu Kop Faults run together at Quagga Poort, while 
the Lynwood Fault as it approaches the farm Waterkloof (29) bends to 
the south (see map, Plate II.). 

The Meintjes Kop Fault can be traced for a distance of at least 
fifteen miles, from about one and a half miles north-east of Silverton. 
At this end it has cut through and displaced a diabase sheet about half a 

Ïiile wide, after which it cuts off the Daspoort Range, displacing it for a 
istance of two and a half miles along the fault line, until the quartzite 
is picked up again at Meintjes Kop, whence it continues to the east 
until it \i again cut off — this time by the Struben Kop Fault. As one 
continues along the Meintjes Kop Fault towards the south-west, it is 
seen to cut off and displace three more diabases, until it reaches the 
Proclamation Hill Range, composed of Timeball Quartzite; it cuts off 
this range, and displaces it for a distance of about two miles along the 
fault line, and brings it into a position nearly half a mile north-east of 
Quagga Poort. This position marks the extreme western limit of the 
conspicuous line of kopjes, which rise immediately behind the station 
and include Timeball Hill, so that the Timeball Ilange proper is the 
geological continuation of the Proclamation Hill Range. 

Immediately before entering Quagga Poort the Meintjes Kop Fault 
is joined by the Struben Kop Fault. The resulting single fault then 
runs very obliquely across the Dolomite to the west of Quagga Poort 
with such well-marked results, that it is possible to fix the line of disloca- 
tion sometimes within six feet. It probably extends for some distance 
into the Dolomite Formation, but it is impossible to say how far. In 
and immediately to the south of Quagga Poort occur a number of dis- 
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located strips of Magnetite-quartzite, which enable one to prove the 
existence of at least úve minor faults, which accompany the main line 
of fracture. 

Thus the main effects of the Meintjes Kop Fault on the topography 
are — firstly, to cut off and displace the Daspoort Range into the Meintjes 
Kop Range ; and secondly, to break through and displace the Proclamation 
Hill Range into the Timeball Range. Hand in hand with these displace- 
ments we find the same fault cutting off at least five diabases. 

The Struben Kop Fault begins ou the farm ** The Willows " (23), 
about four miles north-east of Lynwood, where it cuts off the Meintjes 
Kop Range and displaces it six miles to the east, giving rise to another 
isolated range, which begins with Struben Kop or East Fort, and con- 
tinues for three and a half miles to the east until again terminated by 
another line of dislocation — the Lynwood Fault. For the first six miles 
the Struben Kop Fault takes a somewhat sinuous course, approaching 
closely to a strike fault, but from East Fort to Klapper Kop Fort it has 
more the character of a dip f ault parallel to the Meintjes Kop Fault. The 
next effect on the topography caused by the Struben Kop Fault is the 
duplication of the Timeball Range for a distance of nearly five miles. 
This is due to the fact that the line of hills has been cut off near 
Muckleneuk and pushed in a westerly direction, so that there are now two 
ranges to the south of Pretoria Station, both consisting of Timeball 
Quartzite, the upper one sharply defined by the two terminal faults, the 
lower one ending at Quagga Poort on the west, but continuing through 
Schanskop and Klapper Kop Fault along the Old Natal Road to the 
Bouth-east. 

We thus find, as the result of the Struben Kop Fault, in the first 
place, a further displacement of the Daspoort Quartzite into the position 
of the East Fort Range; and in the second place, a very striking disloca- 
tion for a distance of at least eight miles of the Timeball Range into the 
position of the Schanskop Range. In addition to this, the same fault 
cuts off several diabases ; an occurrence of this kind is particularly well 
seen on the main road from Lynwood to Pretoria, which for about four 
miles runs in diabase, with continuous exposures to the north and the 
south. About a mile before reaching the Delagoa line, the igneous 
rock. comes to a sudden termination, giving place to well-bedded slates 
striking obliquely across the road, and enabling one to fix the fault line 
to within four yards. 

There remains a third line of fracture — the Lynwood Fault. This 
begins close to the second main fault, in all probability forming a branch 
of the Struben Kop Fault. Cutting through the East Fort Range, it displaces 
it into the position of the Lynwood Range, which now continues to the 
south-east in an unbroken line for at least twenty-five miles. After 
leaving this range, the line of dislocation bends to the south across the 
north-east portion of Garstfontein, and along the head waters of a small 
tributary of Hartebeest Spruit. The geological structure at this point is 
complicated by another fault which runs along Hartebeest Spruit itself 
over a distance of about two miles. As a result of the combination of the 
two f aults, we find the Timeball Range completely broken through, isolated, 
and twisted through an angle of about 45°. 
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The detailed study of the arraugement of the bands of Magnetite- 
quartzite on the f arrns v* aterkloof and Garstfontein shows that the whole 
of this area has been thrown into a series of folds, varjing from gentle 
undulations to striking anticlinal uplifts of the Dolomite. The most 
marked upheaval is shown by this formation close to the western boundary 
of Garstfontein, where it adjoins Erasmusdam. Even from some dis- 
tance the lozenge-shaped anticline of the Dolomite — about one mile in 
length — is a very conspicuous feature in the landscape, and the folding 
of the Timeball Range over the Dolomite, accompanied by the highly 
dissected surface of erosion, has given rise to two ranges of quartzites, 
which run together as the fold dies out towards Klapper Kop, and widen 
out in the opposite direction to the south-east. On Garstfontein, the 
quartzite outcrops along a tortuous course, owing to the complex contours 
of the surface, while it is again and again broken throuí^ii by minor 
faults until it is completely displaced by the Lynwood Fault, giving 
rise to the isolated and twisted piece of range already referred to (see 
Plate III., Section No. 1). 

To the west of the Dolomite anticline the Timeball Quartzite continues 
unbroken through Rietvlei, Witkoppies, and Elandsfontein, to the 
Bouth-east. 

From the details which we have given of the main lines of disturbance, 
and their effect on the topography, one may summarise their results as 
follows : — 

Magaliesberg Quartzite ... ... Continues with change of 

strike. 

ri. Meintjes Kop Range. 
Daspoort Quartzite becomes displaced into-j 2. East Fort Range. 

1^3. Lynwood Range. 

Timeball Quartzite becomes displaced intoj J; 8^^?^!^^^. 

From this it wíil be seen that we have to recognise four Daspoort and 
three Timeball Quartzite outcrops. 

(b) The Structure of the Hennops River Valley, South-East of 
Irene. — In order to properly understand the nature of the earth move- 
ments described above, it is necessary to foUow the main quartzites to 
the south-east, and to see what becomes of them before they reach their 
normal arrangement. Although the nature of the disturbances in the 
south-east is essentially similar to that round Pretoria, their effect on 
the structure has been such as to render a separate treatment desirable. 

The piece of country affected lies between Droogegrond and 
Olifantsfontein Stations, and extends for an average distance of some 
twelve miles from the Johannesburg Raiiway to the east, being traversed 
in a direction from the north-west to the south-east by the Old Natal 
Road. 

If we take a traverse from Olifantsfontein towards the east, we 
find the beds arranged in the least disturbed manner. From the station 
we continue in Dolomite for three and a half miles; then foUows the 
usual thin series of shale at the base of the Pretoria Series; this is 
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succeeded by the Timeball Quartzite, whicb can be traced from here in 
an unbroken line of high ground (known as the Langerand) as far as 
Klapper Kop Fort, the dip all along being to the north-east. After 
traversing this range, we descend into a gentle valley of shales, and soon 
after crossing a tributary of Hennops River, reach another range of 
quartzite, this time dipping to the south-west. Next follows a thin series 
of shales, succeeded by a second development of Dolomite some five miles 
wide. Then come shales, dipping to the north-east, and finally, another 
range of quartzite dipping in the same manner. In all three quartzites 
I was able to trace the magnetic bands ; this fact, as well as the nature 
of the dip and the unbroken continuation of the most westerly quartzite, 
leaves no doubt that we have along this line a simple syncline of Pretoria 
Series followed by a gentle anticline of Dolomite. 

An inspection of the map shows how this anticline extends througb 
the farms Elandsfontein, Witkoppies, and Rietvlei, outcropping in the 
shape characteristic of sucji structures. Towards the south, the Dolomite 
forms gently rolling country, with only a slight variation in the contours 
of the ground, but as the anticline is traced to north, it causes the topo- 
graphy to become more and more accentuated, until on reaching the north- 
east portion of Rietvlei, the Dolomite stands out as a marked kopje, 
falling off pretty sharply towards the north, east, and west. There is 
little doubt that the fold becomes steeper as it approaches the north-east, 
and it is a suggestive fact that a line, drawn at right angles to the 
strike through the point where the Dolomite anticline is most conspicuous, 
takes us to the neighbourhood of Franspoort — that is to say, to the angle 
of bend in the Magaliesberg Quartzite. 

We shall now describe a traverse from a point about a mile south of Irene 
Station to the east (see Plate III., Section No. 2). For the first few miles 
the arrangement of the formations agViees w,ith the sequence observed 
during the traverse first described, Dolomite is followed by shales, then 
Timeball Quartzite, then more shales, succeeded by a fairly thick diabase, 
but after this point we do not meet with a second Timeball Range, but 
with a strip of Daspoort Quartzite, dipping conformably with the under- 
lying beds to the north-east. In view of this unusual arrangement, a 
considerable time was spent in accurately following up this band; no 
trace of a Magnetite-quartzite could be found, and moreover, the quartzite 
is not of that reddish colour, nor does it show the peculiar trough-like 
forms of weathering, which characterise Timeball Quartzite. It consists 
indeed of a white massive formation, showing no intercalated shales, and 
forming a conspicuous kopje overlooking the valley of the Hennops River. 
Continufng the traverse to the east, one finds this Daspoort Quartzite 
passing with a well-marked dip of 18° below the Dolomite, with practically 
no shales between. From this point, Dolomite continues along the surface, 
but there is reason to believe that this formation is not of any con- 
Riderable thickness, for on the right side of Hennops River, and close 
to where a small tributary joins it, a cutting was made a few months ago 
for water. At a depth of some forty feet, shales were seen to underlie 
the Dolomite, and from the junction a powerful spring issued. 

After reaching the right side of Hennops River, the arrrwiL'-'^nient i^f 
the formation is siniilar to that further south. 
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It foUows from what has been stated that the simple synclinal arrange- 
ment found in the south must be replaced by a different structure towards 
the north. As we trace the central band of Timeball Quartzite through 
Elandsfontein, it is found to follow a continuous line to the centre of 
Witkoppies. At this point it is displaced laterally^by a small subsidiary 
fault, but continues about 200 yards beyond the f ault, and then apparently 
dies out against the Dolomite. From this point northwards for some 
seven milea, as far as the south edge of Erasmusdam, it is missing. 

This peculiar structure is due to the fact that the line between the 
Daspoort Quartzite and the Dolomite is the outcrop of a thrust-plane, 
along which the belt of Dolomito has been pushed from north-east to 
south-west, over the eastern limb of the Timeball syncline, so that the 
missing portion of the quartzite must be lookcd for below the Dolomite, 
while ói the syncline of the Daspoort Range only the west limb remains. 
Thus we find that the Daspoort, as well as the Timeball Quartzite, were 
thrown into an anticline and a syncline, but that owing to subsequent 
denudation no trace now remains in the south of the area of the 
Daspoort folding, while the evidence for the folding of the Timeball 
Quartzite is complete. 

When we next come to the area, where the thrust-plane has been 
effective, we meet with the first evidence of the Daspoort folding, for 
there is no necessity for the occurrence of this band of quartzite, if the 
Daspoort Range had taken no part in the folding; hence both tho 
Daspoort and the Timeball Quartzite must continue below ^iie Dolomite, the 
former as a shallow syncline, the latter as a band dipping to the 
south-west. 

It is obvious that since all these earth-movements have taken place 
subsequent to the intrusions of the diabase, these must have taken part 
in the displaeements. Hence, if the structure is such as we have advanced, 
then we should get some evidence of the folding of the diabases. Reference 
to the map will show that we have a fairly thick intrusion running along 
the base of the Daspoort Range through Zwavelpoort and Tygerpoort. 
On my view of the structure this should appear again on the eastern 
portion of Rietvlei. Now, this is exactly where a well-marked diabase 
doea occur, and moreover, the diabase appears to die out towards the 
centre of Witkoppies; this is again just the behaviour we should expect 
to find in the view developed from other evidence, that the folding over 
of the Daspoort Range dies out towards Witkoppies. There is, however, 
yet another piece of evidence. In the diabase below the Daspoort Range, 
and near the centre of the boundary line between the farms Zwavelpoort 
and Rietfontein, occurs a peculiar modification, consisting of a marked 
development of amygdaloidal structure — the amygdales being up to one 
inch in diameter, the walls of the cavities lined with chlorite, and then 
filled with secondary quartz. Although this variation has been found else- 
where among the diabases of the Pretoria Series, it is by no means 
common. The interesting point is that an exactly similar variation 
occurs in the Rietvlei intrusion, along the same line of strike, and in the 
analogous position with reference to the Daspoort Quartzite. 
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From the foregoing remarks, we may summarise as follows : — 

1. The structure of the Hennops River Valley, south-east of 

Irene, shows the presence of an anticline of Dolomite and 
Pretoria Series, succeeded on the west by a similar syncline. 

2. In the south, only the Timeball Range has taken part in the 

folding, and the present result is normal. 

3. In the northern portion, both the Timeball and the DuKpoort 

Ranges have taken part in the fol'.ling, but owÍTi<r ío a 
thrust-plane, the Dolomite anticline has been pushed over 
and now buries the eastern limb of the two synclines. 

THE GENERAL NATURE OF THB MOVEMENTS. 

Our remarks have so f ar been confined to an account of the distribution 
of the main folds and lines of fracture and their general effect on the 
topography, but the question may fairly be asked, what is the character 
of these movements? In this connection it is interesting to continue the 
lines of the more important faults. The Meintjes Kop Fault, when traced 
to the north-east, brings us to Franspoort, about three and a half miles 
beyond Hatherley. The same point is reached by continuing a second 
fault, which displaces the Meintjes Kop llange due south of Silverton. 
It is probably due to this line of fracture that the first great intrusion 
below the Magaliesberg Quartzite is cut off at the point where the main 
road to Hatherley crosses Pienaars River. The Struben Kop and 
Lynwood Faults, after running together near Lynwood, continue as one 
fault, and the line brings us to Pienaars Poort, at which locality abundant 
effects of fracturing can be seen. Another fault which has caused repeated 
displacement on Garstfontein continues through Zwartkoppies, and again 
takes us to Pienaars Poort. Finally, there remains a line of dislocation 
which passes through the north portion of Rietvlei, is prolonged through 
Zwavelpoort, where it displaces the Daspoort Range, and then takes us 
across the Pienaars River Valley through Donkerpoort. 

Thus there can be no doubt that the movements described around 
Pretoria, and to the east of Irene, are intimately connected with the 
change in strike of the Magaliesberg Range. This change ultimately 
uffects the whole of the Pretoria Series and thc upper beds of the Dolomite. 
We may assume that before the occurrcnce of the earth movements the 
three quartzite ranges either continued in a straight line to the east or 
possessed a slight original bend to the south. Subsequently, a tangential 
stress of an orogenetic character affected the area under discussion, acting 
along a line from the north-east to the south-west. What would be the 
result of such a force? In the first place, we should expect the beds to 
be bent towards the south-west, the area to the south-east suffering mostly 
a mere bending, but as one proceeds to Franspoort, there would occur 
displacement as well, until, on reaching Franspoort at the angle of 
bend, the greatest amount of movement should result, and especially along 
the direction of stress — that is to say, along a line from ihe area round 
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Klapper Kop towards Franspoort. Here we would look for fractures, 
displacement, and a general crumpling up of the strata.* 

Turning to the actual field evidence, we find these a priori deductions 
fully borne out. Thus, beyond Doukerpoort, we find a mere alteration 
of strike. Then a little to the north-west we find the Hennops River 
thrust-plane, affording evidence of a pushing over of the strata in thc 
direction of the stress,t while stiU further north, round Klapper Kop, we 
meet with the maximum amount of dislocation. The faults are, in fact, 
reversed faults, with a low hade to the north-west, which cut up the area 
into a series of sub-parallel strips, which have then be shifted laterally. 
Moreover, it is not strictly accurate to say that the Magaliesberg Quartzite 
suffers a mere change of strike. There is clear evidence that this quartzite 
has been fractured, and slightly displaced. The point at which the bend 
actually begiiis is pretty sharply defined on the little kopje to the south 
of the main road at the north-east corner of Franspoort. Here one finds 
marked variations of strike, while the whole kopje has a broken and 
faulted character. Continuing from here to the south-east, there are at 
]east three separate blocks of this range, the first one ending at Pienaars 
Poort, the second one at Donkerpoort, the third one terminated by a gap 
which occurs at the north-east corner of Rhenosterfontein (466) ; the effect 
of removing these minor dislocations would be to bring the south edge 
of the quartzite approximately through Elands River Station. This 
feature was alluded to in the Annual Report of the Geological Survey for 
1903.Í 

Lastly, evideuce of volcanic forces to the west and north-east is seen 
in the former case by the eruptive breccia of Deerdepoort, and in the 
latter by the occurrence of diamond pipes situated more or less along 
the line of bend.§ Both the Deerdepoort breccia and the Blue Ground 
must be of an age subsequent to that of the diabase, and therefore later 
than the time of the faulting, as they often contain included fragments 
of the diabase, so that these special types of eruptive rocks must owe their 
present position to those powerful orogenetic movements here described. 

EXPLANATION OF PLATES II. AND III. 

Plate II.~Geological map of the vicinity of Pretoria. 
Plate III. — Two sections illustrating the geological structure of the country 
around Pretoria. 

• Compare, in this connection, tlie interesting " Experiments on Mountain 
Building," by Alphonse Favre, descríbed in Natvre, vol. xix., 1878, pp. 103-106. 
See also H. m. Cadell, ** Experimontal Researches in Mountain Building," Trans, 
Royal Soc., Edin., 1890, pp. a37-357. 

t Cadell, lor. cii., " The compressed maíHs tends to find relief along a series of 
gently inclined thrust planes whicn dip towards tlie aide from which the pressure is 
exerted." This is directly demonstrated hy the Hennops River overthrust. 

t Annual Report of the Geological Survey of Transraal, pp. 41 and 42. 

§ See H. Kynaston and A. L. Hall, ** The Geolodcal Featnres of the Diamond 
Pipes of the Pretoria District." Bcp. S.A.A.A.S., Johannesburg, 1904, p. 195. 



Digitized by 



Google 



ÍG TRANSACTIONS OF Trih' GEOLOGICÁL SOCIBTÝ OF SOUTH AF'RICJA. 



NOTE ON THE GeOLOGY OF A PoRTION OF TUE KlERKSDORP 

DisTRiCT, wiTH Special Reference to the Develop- 

MENT OF THE LoWER WlTWATERSRANI) BeDS AND THE 

Vaal River System (Read 13th March, 1905). 
By G. A. F. Moleugraaff.* 

[Plates IV. and V.] 

In the neighbourhood of Rietkuil, in the south-western portion of the 
Klerksdorp (Potchefstroom) district, and further to the west, in the 
adjoining portions of the districts of Lichtenburg and Wolmaransstad, the 
following formations are developed from below upwarda : — 

Old Granite, 

Lower Witwatersrand Beds, and 

Vaal River System. 

The old granite is invariably found beneath the lowest Witwatersrand 
rocks, but as it does not resist the agents of erosion and denudation so 
well as the quartzites of the Rand System and the most of the rocks of the 
Vaal River System, its presence in the landscape is not conspicuous, sand 
and surface soil occurring above it. It has, therefore, generally to be 
sought for in the strotches of lower land (vleis), and is often exposed only 
iu the beds of spruits. In several places large veins of white, barren 
quartz run through the granite, and point to its existence where 
it is hidden from view by superficial deposits. These dykes show a certain 
paralleUsm, and their strike is from N.— S. to N. 20° E.—S. 20^ W. 

The granite in this area is a typical microcline-granite, as will be 
clearly shown by the description in the appendix to this paper. 

The Lower Witwatersrand Beds are characterised by an uncommonly 
strong development of sericite schists at their base directly on the granite. 
Quite near to the granite gold-bearing conglomerates are found inter- 
bedded in the schists. The conglomerates contain pebbles of quartz only ; 
if pebbles of other rocks occur, they must be very rare, for, after carefuUy 

* I visited this district in tlie years 1890-1903 and early in this year. Both 
(luriníj niy first and my last visits I had the advanta^e of being accoinpanied by 
Mr. D. Draper, who possesses an intimate knowledge of this tract of country. Mr. 
Draper shares niy views regarding the geological structure of the area described 
in this paper. 
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searching, I did not succeed in finding a single one. The auriferous con- 
glomerates or reefs can ue best studied on the farm lihenosterspruit (16), in 
the old shafts and drives of the former Dominion Mine, where these reefs 
were worked for gold as early as the year 1889. There are, however, no 
natural outcrops to speak of, and the geological position and relation 
of the reefs to the other beds accompanying them cau be much better 
studied in the escarpment on Oorbietjesfontein (201) and in the trenches 
on the Rhenosterhoek (585) northern mynpacht. At the first place two, 
in the latter place several, reefs are well exposed, being conformably 
bedded in the sericite rocks. The footwall of the lowest reef is always 
a pure white, fine-grained sericite schist, with vivid silky lustre. At 
Rhenosterspruit (16) the hanging wall is composed of hard sandstone 
containing pebbles and much sericite, and passing into a quartzite which 
is also sericitic. On Oorbietjesfontein the pebbly sandstone above the 
lower reef is much more schistosë, and passes into a pure sericite schist 
containing pebbles. The quartzite above this last rock is followed by a 
sandy sericite schist, which forms the hanging and footwalls of the second 
conglomerate reef (see Plate V., Fig. VI.). On Rhenosterspruit (16) the 
same succession can be made out from a study of the several shafts and 
cuttings, but the section on Oorbietjesfontein (201) is much finer and 
equally well exposed by old workings. On Rhenosterhoek northern 
m^-npacht several reefs are well exposed, the lowest resting on sericite 
schist, while sericitic sandstone, quartzite with sericite, and sericite schiit 
occur between the other reefs. I shall name this peculiar series of reefs 
** The Dominion Reef Series," because they were first worked and can still 
be well studied in the old Dominion Mine. 

The relation between the sericite schists belonging to the Dominion 
Reef Series and the other formations is not easy to det^rniine on Rhenoster- 
spruit (16) itself, because there they very quickly disappear in the 
direction of the dip under overlying amygdaloidal diabase and porphyrites 
of the Vaal River System. If, however, one follows the line of outcrop 
of the Dominion Reef Series over Oorbietjesfontein (201) and Syferfontein 
(504) into Rietfontein (280), it becomes clear that this series and the 
sericite schists lie at the very bottom of the Witwatersrand Beds. Very 
good sections can be obtained on Rietfontein (280), on the extreme northern 
portion of Schietfontein (122), and on Syferfontein (504), one of which 
is represented in Fig. II., Plate V. At this place the sericite schists and 
the Dominion Reef Series dip at a very high angle — about 80® — towards 
the south, and in some places even stand nearly vertical. Here they 
clearly underlie conformably the quartzites and shales of the Lower 
Witwatersrand Beds, which also show a very steep dip. The dip gradually 
diminishes from the lower towards the upper strata, and on Syferfontein 
(504) the dip of the Hospital Hill Slates is not more than 45°. The 
granite occurs in every instance at a small distance below the Dominion 
Reef Series; the sericite schist underlying the reefs varies in thickness, 
and sometimes the granite comes quite close up to the reefs : indeed, it 
is not improbable that the granite in some places may practically form the 
footwall of the lowest reef. From Schietfontein (122) and Syferfontein 
(504) towards Oorbietjesfontein (201) the dip of the Dominion Reef 
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Series diminishes rapidly, and is only 10® in the escarpment on Oorbiet- 
jesfontein (201), while at the same time the distance between the line of 
outcrop of the Dominion Reef Series and the quartzites of the Lower 
Witwatersrand Beds correspondingly increases; it even increases so 
rapidly that locally, on Oorbietjesfontein (201), the line of strike of the 
Dominion Reef Series makes a considerable angle with the line of strike 
of the quartzites higher in the system, with regard to which they have, 
nevertheless, a conformable position. On Rhenosterhoek (585) northern 
mjmpacht and thence southward the alteration in dip ceases again, and 
the line of strike of the Dominion Reef Series is once more parallel to 
the line of strike of the Lower Witwatersrand Quartzites, which, however, 
on account of the slight angle of dip outcrop only at a distance of 8,500 
feet from the line of outcrop of the Dominion Reef Series (see Plate V., 
Fig. I.). The section (Fig. I.) is taken in a westerly direction from 
Rhenosterspruit (16), and it clearly shows that the Witwatersrand Beds 
have a nearly horizontal, undulating position there. At a point near 
the homestead on Jakhalsfontein (123) the quartzites of the Lower Wit- 
watersrand Beds are perfectly horizontal. In the extreme western portion 
of Rhenosterspruit (16), and further southward on Jaldialsfontein (123), 
the Hospital Hill Slates are very strongly developed and show typical 
banding and contortion. Some distance towards the south of the section 
on the line *'A — B " the Dominion Reef Series and thc Lower Witwaters- 
rand Beds disappear under the overlying amygdaloidal diabase of the 
Vaal River System. 

From the foregoing it follows clearly that the sericite schists, sericitíc 
sandstones, quartzites with sericite and conglomerates with sericitic 
cement of the Dominion Reef Series, form tlie lowermost portion of the 
Lower Witwatersrand Beds, and that the granite always comes close up 
to the lowest layer of conglomerate. Similar sericite schists are developed 
at the base of the Lower Witwatersrand Beds (Hospital Hill Series) at 
many other places, but nowhere else are they yet known to have such a 
typical and strong developraent as in this area. At the Witwatersrand 
the sericite schists are only slightly in evidence, and at many places, as for 
instance north of Auckland Park, and again along the new road about a 
mile out from Orange Grove, the granite comes right up to the Orange 
Grove Quartzites. At other places, for example at Zwartkop in the 
Pretoria district, and at some places round the Heidelberg Granite Boss 
they are fairly well developed. On the farm Holgatfontein (127) in the 
Heidelberg district, the Dominion Reef Series is represented by some 
layers of conglomerate in sericitic schists, but they are by no means so 
strongly or typically developed as in the Klerksdorp district. On the 
farm Varkenskraal (354) in the Potchefstroom district, a reef correspond- 
ing to the Dominion Reef Series is found at th,e very base of the Rand 
System, and lying immediately on a quartz-sericite rock, which may be 
an altered granite ; the hanging wall is formed of sericite schist, on which 
follow quartzites and shales of the Lower Witwat^rsrand Beds. 

From the foregoing, it is evident that I do not agree with Dr. Cor^ 
storphine t when he states that there are no schists conformable with, or 

t G. S. Corstorphine, ** On the Relation of the Old Granite to the Witwaters- 
rand Series." Trans. ofthe Geol. Sor. ofS, Afrira, vol. vii., p. 11, 1904, Johannesborg. 
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forming the lowest portion of the Witwatersrand Beds, and that what 
have been taken for schists are really differentiations and variations in 
the granite. I am perfectly aware that there do exist schists which are 
merely differentiations and variations in the granite, but besides these 
non-sedimentary schistosc rocks, true sedimentary sericite schists occur 
at the base of the Rand System. Furthermore, I think that although a 
decomposed, altered and sheared granite can exhibit a great degree of 
similarity to a sericite schist, it is — at any rate by means of microscopical 
investigation — rarely very difficult to distinguish such pseudo-schists 
from true sericitic schists. Especially the shape and arrangement of the 
quartz grains and the texture of the rock wiU reveal the difference. 

The development of the Lower Witwatersrand Beds in this portion 
of the Klerksdorp area differs to some extent from that which is known 
in the classic section north of Johannesburg. The Orange Grove 
Quartzites appear to be hidden in most places by overlying rocks of the 
Vaal River System. Possibly the quartzites occurring in connection with 
the Dominion Reef Series represent the lower portion of the Orange Gróve 
Quartzites; but, anyhow, I take them to be in evidence on Syferfontein 
(504) near the northern corner beacon of Schietfontein (122), and there 
they are not strongly developed. I have not yet found the ripple-marked 
bed or the speckled bed in this region, and it is possible that they are 
not developed. The black shales (Dr. Corstorphine's '* Water Tower 
Slates ") and red shales are strongly developed, but the. difference between 
them is not so well marked as at Johannesburg. In the extreme West 
Rand, as for instance on the farms Witfontein (29) and Doornfontein (39), 
I also found the red and black shales forming one continuous big body ; 
it must have been such an occurrence that induced Dr. Carrick to make 
no distinction between the black and red shales, and to speak of the ** great 
basement shales." In this complex of ferruginous shales several bodies 
of qliartzite are found. These quartzites do not exist near Johannesburg, 
but more to the west, near Roodepoort, they are much in evidence, forming 
lenticular bodies often of great longitudinal extent, and occurring in 
the Hospital Hill Slates, or either in the red or in the black shales. It 
was Dr. Corstorphíne who, on a joint visit to these occurrences near 
Roodepoort, first suggested to me the explanation of the ** additional " 
quartzite ridges being lenticular interbedded bodies, and this explanation 
18 doubtless the correct one. On the Witwatersrand I found that the 
quartzites of these additional ridges, which always occur in the shales 
between the Orange Grove Quartzites and the Green Quartzites (Dr. 
Corstorphine's "Hospital Hill Quartzites "), resemble in some places the 
Green Quartzites, showing a green colour, and that particular sago-like 
texture peculiar to the Green Quartzites, while in other places they are 
j*emarkably like the quartzites of the Orange Grove belt. AIso these 
additional ridges are ch»aracterised by their fractured appearance, and 
consequently by the great difficulty in determining the dip of the strata 
in them. Exactly the same peculiarities are shown by the numerous 
quartzite belts in the big shale beds below the Hospital HiU Slates in the 
area dealt with. The dip is in every instance difficult to determine, while 
in one place these quartzites have a strong resemblance to the Green 
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Quartzites, in another to the Orange Groye Quartzites. Many of the 
ridges thin out and disappear in the shales, clearly showing their 
character as lenticular quartzite bodies interbedded in the ferruginous 
Bhales. The Hospital HiU Slates are powerfully developed on Syferfon- 
tein (504), liuenosterspruit (16), and Jakhalsfontein (123), and are 
beautifuliy banded and strongly contorted. 

Within the area shown on the map' accompanying this paper 
(Plate IV.) all strata of the Rand System highcr than the Hospital Hill 
Series are covered by rocks of the Vaal River System, or by surfaoe 
deposits. 

A peculiar feature in the lowest portion of the Rand System in this 
area is the frequent occurrence of cleavage, generally with a dip towards 
the granite and opposite to the stratifícation. This phenomenon is so 
well and strongly developed here that it deserves a little more attention. 
First of all, cleavage is very frequent in the sericite schists. In the 
Main Incline Shait of the Dominion Mine on Rhenosterspruit (16) only 
the sericite schist underlying the conglomerate is affected, causing an 
apparent unconformity between the sericite schist and the reef. But in 
one of the other shafts it can be clearly seen that a portion of schist 
enclosed in the reef shows the same cleavage (see Fig. V., Plate V.), while 
in yet another cutting another reef is exposed, h^ving both the hanging 
wall, consisting of schistose sericitic sandstone, and the footwall, con- 
sisting of sericite schist, cleaved in the same way. 

Still more interesting is the section in the escarpment on Oorbietjes- 
fontein (201) mynpacht (see Fig. VI., Plate V.). At this place the 
foUowing sequence of beds is developed from below upwards : — 

Sericite schist. 

Conglomerate (lower reef). 

Sericite schist with some pebbles, passíng into sericitic schistose 

sandstone. 
Quartzitic sandstone with much sericite and some pebbles. 
Conglomerate (upper reef). 
Sandstone with sericite. 

Tl^is entire body of strata shows cleavage, but the cleavage is very 
much more strongly developed in the lower beds than in the upper ones; 
the lower reef is divided into slabs dipping in a direction contrary to 
the stratification, but uniformly with the cleavage, which is very well 
developed in the sericite schist in the footwall and in the schistose 
sericitic sandstone in the hanging wall (see Fig. VI., Plate V.). 

The same phenomenon is very beautifully developed in the quartzite 
which underlies the black shales on Syferfontein (504), and which may 
belong to the Orange Grove Quartzites. This belt of quartzites and the 
black shales show so well marked a cleavage that the original bedding 
is completely obliterated in the shales, and almost entirely so in the 
quartzites; difference in grain in the quartzites and also the oontact 
plane between the quartzites and the black shales reveal, however, the 
original true dip. On Oorbietjesfontein (201) the true dip is 10** S.S.E., 
the apparent dip due to cleavage being 35 ^' to 40® N.N.W. On Syferfon- 
tein (504) the true dip is 55° S., the apparent dip due to cleavage 65** N. 
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tn all instances the óriginal stratificatiori of the schists and shalés 
Í8 completely annihilated by the cleavage, and if it were not for the beds 
of conglomerate and quartzite, there would be no chance of detecting the 
original true stratifícation. It cannot be stated with, certainty in what 
period the pressure which gave rise to this cleavage was exercised, but 
from the fact that the porphyrites on Rhenosterspruit (16) are distinctly 
cleaved in the same direction as the strata of the Lower Witwatersrand^ 
Beds, it appears that the earth movements causing the pressure and 
resulting in the described cleavage took place after the deposition of the 
beds of the Vaal River System. 

I think the question of cleavage important, because it is also 
of oommon occurrence elsewhere in the beds of the Rand System, and we 
are well aware that the apparent dip of schists and shales may be due to such 
oleavage, and therefore the apparent dip should not be much relied upon 
when determining the original stratification, and consequently the suc- 
cession of the beds. 

The Vaal River System overlies the older formations, and can be 
found in the area described lying either on granite or on strata of the 
Rand System. Many sections can be obtained showing the unconformity 
between the Vaal River System and the underlying rocks; a particularly 
clear and fine one is represented in Fig. II., Plate V. Either a breccia 
with a cement of preponderating igneous material, or amygdaloidal diabase 
is usually found as the lowest stratum of the Vaal River System; some- 
times, however, porphyrite also is found resting directly on the older rocks. 
From the position of the Vaal River System in this area it is evident that 
it must have been deposited on a very uneven surface, and therefore the 
thickness varies greatly, even over small areas. This fact is likely to 
lead to somewhat unexpected results in prospecting operations, and will 
prevent very exact calculation of the probable depth of the underlying 
older formations. 

As far as we know at present a great diversity appears to exist in 
the sequence of the strata of the Vaal River System, to illustrate which 
I have compiled the following list of sections obtained in this system : — 
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Rietfontein (286), Pretoria. 


Leeuwkop, portion of PiUmiet- 
fontein (91), Potchefstroom. 


Wolvef ontein (650), Potchef • 
stroom. 




Black reef . 




Black reef. 




^ — ^^-^^-^^^--'^''^'-^^^ — --~^^ — -'^ 




Fissile shale with seri- 
cite. 






Cliert 








Tuff. 








Quartz-porphyry 
breccia. 




Qnartz-porphyry. 

Quartz-feldsparporphvry 
with holocrystalline 
granitic segregations. 


Shaly congloinerate. 


Amygdaloidal felsite. 


Shale with boulders. 


Breccia. 


Amygdaloidal diabase. 


Amygdaloidal diabase. 

Chert. 
Quartzite. 


Shaly, partly amygda- 
loidai diabase with 
boulders. 


Amygdaloidal diabase. 


Banded chert. 




. 


Tuff and chert. 
Breccia. 




Boulder conglomerate. 




.^>^X^V>'».^^--V^V-'^^V^^.^V.^^^-^^^^ -'V^ 








Granite. 


PotchefBtroom Distrlct- 
Syferfontcin (504). 


Potchefstroora Digtrict— 
Rhonosterspruit (10). 


Potcliefstroom Dií-trict— 
OorbicUc^fontein (201). 


PotchcfKtroom District— 

Rhenosterhoek (5S5) aiid 

Elandslaagte (508). 


Banded chert. 




Chert. 




Sandstone with bouUlers. 








Cherty slate and shale. 








Breccia. 


Porphyrite. 




Porphyritc. 


Amygdaloidal diabase. 


Amygdaloidal diabaae. 


Amygdaloidal disbase. 

Breccia. 

Tuff. 

Chert. 

Boulder conglomerate. 


Amygdaloidal diabase. 


Coarse breccia (in places). 






Coarse breccia. 


Rand System. 


Rand System. 




Rand Syatem. 



Note : A wavy line indicates an unconformity. 
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HArtcbeeKtf onteiii («24X 


WolnuiransBtad District- 
Schiotfontein(122X 


Wolmaransstad District— 
Zendelingsfontein (88). 


Schweizer Reinecke. 


Amygdaloidal dÍHbase. 

Boulder oonglontattte. 
Bftnded chert. 
Tuff aifd chert. 
Brecda. 


Chert. 

Boulder conglomerate. 
Quartzite. 

Rand Systcm. 


Amygdaloidal diabase. 

Quartzite. 
Coai-sc breccia. 


Amygdaloidal diabase. 

Slaty saudstone and 
quartzite. 

Granite. 


Zoeten Inval (268). 


Bloemhof District, T.C.— 1 Griqualand Wost, C.C— Rnltfnnt/.ln Mln« 
Nieuwjaarefontein (216X j kinibericy MÍne. Bultfonteln Mlne. 


Aniygdaloidal diaUase. 

Serai-transparent chert. 
Conglonierates. 
Qoartzitic sandstoue. 
Banded chert. 


Quartzporphyiy. 

Amygdaloidal felsitic 
rock. 

(jJritty Handstone and 
arkose witli frag- 
ments of chert. 

Clicrty slate. 

Old schist foimation. 


Dwyka conglomerate, 
302'-312'. 

Amygdaloidal diabase, 
312^-706'. 

Quartzite, 706 -1,107'. 
Shale, l,10r-l,367'. 

Shale, 2,439'-2,520'. 
Coarse conglomerate, 
2,520'. - - - - 


Dwyka conglomerate, 
3&'-33r. 

Aniygdaloidal diabase 
(melaphyre), 33r-43r. 

Quartzite, 431'-533'. 
Melaphyre, 633'. - - - 



Note : A wavy line indicates an unconfonuity. 
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The era in whioh the Vaal River System was formed appears to have . 
been characterised by the deposition of coarse sediments repeatedly inter- 
rupted or accompanied by gigantic outpourings of lavas and loose volcanic 
material, both of basic and of acid constitution. It is noteworthy that 
the conglomerates of the Vaal River System often exhibit a great similarity 
to glacial conglomerates by reason of their non-stratifíed appearance, and 
by the absence of any regularity in the arrangement of the pebbles and 
boulders; also the pebbles and boulders often have their edges somewhat 
rounded, but are not flattened or waterworn. The cement, however, is 
not nearly so fíne grained as is usual in conglomerates of glacial origin, 
as, for instance, in the Dwyka Conglomerate. Polished or scratched 
pebbles have not yet been recorded from the Vaal River System conglo- 
merates. Now, although I do not think that the evidence at present 
available is sufficient to enable one to definitely assert that the conglo- 
merates of the Vaal River System are of glacial origin, still, I think it is 
not easy to understand how such conglomerates came to be formed otherwise 
than by glacial action. 

APPENDIX. 

Microcline'granite, — Specimens from Hartebeestifontein (624), Oor- 
bietje8fontein.(201), and Rhenosterhoek (585). 

Macroscopic ; a grey granite of medium grain. The lamellar twinned 
character of the triclinic feldspar is easily recognisable with a pocket lens. 

Under the microscope the rock shows a typical granitic hypidiomorphic 
structure. The primary constituents are microcline, plagioclase, ortho- 
clase, quartz, muscovite, some iron ore, biotite, rutile, zircon and 
tourmaline. The secondary constituents are chlorite and muscovite. 

Feldspar and quartz preponderate so much over the other minerals that 
the latter only occur in clusters here and there in the rock, or as enclosures 
in the quartz or feldspar. 

Iron ore is very sparingly represented by some crystals of magnetite 
and by some hydrated iron oxide, which may have been derived from 
haematite. 

Mica is chiefly represented by muscovite; part of the muscovite is 
altered into chlorite in such a way that each crystal of muscovite is altered 
into a chlorite crystal with the same crystallographic orientation. The 
chlorite is distinctly pleochroic, and shows * * Hof e " with very strongly 
marked pleochroism, and those often contain in their centres minute 
grains of zircon. The muscovite enclosed in quartz is always quite 
undecomposed. Biotite occurs only in small quantities enclosed in quartz 
or in feldspar. 

Feldspar occurs chiefly as microcline, which forms, in fact, the bulk 
of the rock. With the exception of quartz the microcline was the last 
mineral to crystallise in the rock, which is proved by the fact that numer- 
ous well planed crystals of orthoclase — mostly Carlsbad twins — and also 
crystals of plagioclase are enveloped by microcline. The characteristic 
** Gitterstructur " of the twinning is very fine. The microcline was 
found to be quite fresh and undecomposed in all the specimens, whereas 
both orthoclase and plagioclase were less pellucid and partly decomposed, 
numerouB small flakes of secondary muscovite having b^n formed in 
them. 
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Quartz fills the gaps left after the crystallisatiou of all the other 
minerals, and also contains all these as enclosures; zircon, rutile and 
tourmaline are found only as enclosures in the quartz. 

The rock shows signs of having been subjected to great pressure, 
whi%h is revealed under the microscope by the undulatory extinction of 
the quartz, and by the numerous bends and cracks in the other minerals ; 
this last phenomenon is, of course, most clearly shown in the lamellar 
plagioclase. 

Sericite Schist, — Footwall of the Dominion Reef, Rhenosterspruit (16). 

Macroscopic; a white schistose rock with vivid silky lustre; shows 
numerous small grains of quartz. 

Under the microscope sericite (muscovite) and quartz prove to be the 
main constituents. The quartz grains are quite isolated the one from the 
other, and are more or less rounded; they are always quite enveloped by 
sericite, the flakes of which clearly follow the outlines of the quartz grains. 
Zircon is very plentiful in small prisms, as also is rutile. 

Sections of several specimens taken from the Dominion Reef Series 
on Rhenosterspruit (16) and Oorbietjesfontein (201) show that the con- 
glomerate, the quartzite and sandstone with sericite and the sericite 
Bchist differ only in the size of the individual pieces of quartz ; practically 
they are simply gradations of tEe same type of rock. 

The sericite schist f rom Syferfontein (504) was found to be very rich 
in rutile, occurring generally as twins, both with twinning plane (101) and 
with twinning plane (301). 



EXPLANATION OF PLATES IV. AND V. 

Plate IV.— Cleolopical iiiap of a portion of the Klerksdorp district. 
Scale : I incn = 2 miles. 

Plate y. — Fií?. I. Section throngh farm Rhcnosterspmit. 
Scale : 1 inch = | mile. 
Fipr. II. Section thron^h the farms Syferfontein and Schietfohtein; 

Scale : I inch = i mile. 
Fig. III. Cleavage in Lower Witwatersrand Beds on Syferfontein 

No. 504. 
Fig. IV. Sectidn through Dominion Reef Series in miiin incline 

shaft on Rnenosterspniit. 
Fig. V. Section through Dominion Reef Series in southem shaft 

on Rhenosterspmit. 
Fig. VI. Section through Dominion Reef Series in escarpment on 
Oorbictjesfontein. 
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The Cullinan Diamond (Read 13th March, 1905). 
By Frederick H. Hatch and Geo. S. Corstorphine. 

[Plat<ï8 VI. and VII.] 

Great interest has been excited, not only in the Transvaal, but 
throughout the world, by the discovery at the Premier Mine, on Wednesday, 
25th «Fanuary, 1905, of the largest diamond hitherto known. The stone 
was found by Mr. Wclls, Surface Manager, at a depth of about eighteen 
feet in the yellow ground, a projecting corner having caught his attention. 
It has been named after Mr. T. M. Cullinan, the Chairman of the Premier 
Company. The weight, after cleaning, is 3,024| carats. 

Through the courtesy of the Directors of the Company, we have been 
enabled to make an examination of the stone, with the following result : — 

The Cullinan Diamond is bounded by eight surfaces, four of which 
are original f aces — here referred to under the letters A, B, C and D — 
while four are cleavage surfaces, parallel to the faces of the octahedron. 
In the following description the cleavage planes are referred to under the 
letters E, F, G and H. The dimensions of the chief facea are given in 
centimetres on Plate VI., which shows outlines of three original faces and 
the four cleavage surfaces. 

"A" is an original octahcdral face, showing typical striations, the 
bands varying from 0*1 to 0*4 centimetre, and running parallel to the 
edge A — E. This face is shown lying at a fairly low angle on the upper 
right-hand portion of Fig. 1, Plate VII. The striations are apparent. 

*' B " is large, slightly curved, and showing partial striations, which, 
however, are interrupted by the manmiillary character of the surface. It 
is shown on thc left of Fig. 1, Plate VII. 

*' C" is also a natural surface, showing a few striations. It is shown 
on the lower right-hand portion of Fig. 2, Plate VII. 

** D." — Between B and F — C — G there is an irregular octahedral face 
D, showing distinct equilateral triangular pittings, like deep etched 
figures, the largest of which has a side of *65 cm. D is parallel to E. 
E, F, G and H are cleavage planes. 

** E " is the largest of these, and is a very perfect cleavage surface. 
Parallel to it within the crystal there is an air layer between two internal 
cleavages, producing a * * rainbow " or Newton's rings. E is the large 
surface shown in Fig. 1, Plate VII., and also as the narrow surface in 
perspective on the extreme left of Fig. 2. The sliading aud markings seen 
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as apparently belonging to this face are really due to the pittings at the back, 
the transparent character and purity of the stone allowing these to be 
readily apparent, and to act on the photographic plate, through the entire 
thiokness of the diamond. The f aint vertical lines passing downward f rom 
the edge A — E on Fig. 1 are due to cleavage layers on the face E itself. 

** F " is the second largest of the cleavage planes, and shows a small 
spot within the crystal. This face forms the upper portion of Fig. 2, 
Plate VII., but the markings at the back, which here also have affected 
the photographio plate right through the crystal, prevent the boundaries 
of the surf ace being well seen. 

*'G"is an irregularly-shaped cleavage plane, showing, however, a 
number of pittings and etchings, which must either indicate a re-etching 
of the surfaoe since the crystal was cleaved, or, more probably, that only a 
small thickness has been broken off froni this surface — the pittings now 
seen being the bases of those which were present on the original surface. 

*' H " is another cleaved surface, showing a series of broken cleavages 
in the corner bounded by E and G. Two spots are visible, one on the 
surface, the other about 1 cm. within the crystal. H is shown on the lower 
left-hand portion of Fig. 2, Plate VII. 

Of the faces given, A and G, B and H, and D and E are parallel. 

The purity ot the crystal is best seen on looking into the face E, and the 
lustre is well seen on the irregular natural face B, the broken cleavage on 
H oausing a good deal of refraction which, to some extent, affects B as the 
facets of a cut gem would. 

The crystal is of remarkable purity for a large stone, and the colour 
approximates to that of a blue-white. 

The large size of the cleavage planes E and F indicates that a very 
considerable portion of the crystal is wanting. From the shape of B, D 
and G, one can say that the entire crystal was irregular in shape, but A and 
D being octahedral faces, the presumption is that the complete crystal was 
a distorted octahedron. 

For the two photographs, which are reproduced on Plate VII., we hav^ 
to thank our friend Mr. E. H. V. Melvill. 



EXPLANATION OF PLATES VL AND VIL 

Plate VI. — Drawingsof seven of tlie suríaces of the Cnllinan Diamond, actual size. 

Plate VII.— Fig. 1. View of the diamond set up to show the largest cleavage 
Rurface E, and the best developed octahedral face A above. 
The left hand side of this íigiire consLsts of the large irregular 
natural surface B. 
Fig. 2. Comparíson of the Cullinan Diamond with one of 334 carats, 
also irom the Premier Mine. On the large stone the cleavage 
surface H forms the lower left hand comer, the natural surface C 
is to the ríght of H, and at the top the cleavage surface F. The 
markings apparently on F are really at the hack and are photo- 
graphed through the crystal. The face on the extreme left, in 
perspective, is the large cleavage surface E. Figs. 1 and 2 are 
true size. 
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NOTES ON THE OcCURRENCE OF OlL IN SoUTH AFRICA 

(Read 13th March, 1905). 
By M. J. Stephan. 

Not more than forty-fíve years have elapsed since the first oíl well 
was discovered in America, although oil as a natural product has been 
known since the oldest times. The discovery of a large supply of such a 
useful material was followed by a rapid increase of the ** Petroleum 
Industry/' whici\ again increased our knowledge of the geological condi* 
tions of the deposition and the origin of natural oil. 

In endeavouring to interpret the possible geological occurrence of 
oil in South Africa, I am confronted by the fact that our knowledge of 
the stratigraphy of many parts is a problem still to be solved, and that I 
had nothing to assist me but my own observations. 

Before dealíng with the different indications I have met with, I 
would like to point out that I consider that natural oil has been mostly 
derived from animal substances, especially físhes and molluscs, and that 
the possibility of the formation of large oil fíelds must be associated with 
the presence of the remains of marine animals. The formation of oil 
may have taken place during all geological periods up to the present 
time. Oil will, however, only be found in those geological periods in which 
animal life existed — that is, from the Cambrian period upwards. The 
search for fossils in the older palaeozoic rocks of South Africa has not, so 
far, been very successf ul, but I cannot fínd any reason why these should so 
materially differ in their palaeontological character from those found in 
other parts of the world. The later palaeozoic and the mesozoic rocks, 
however, in the South African Colonies are comparatively rich in both 
animal and plant remains. 

Indications of oil have been found here and there in South Africa, 
and I shall try to prove whether these occurrences are of suffícient im* 
portance to indicate larger oil supplies at deeper horizons. 

It is noteworthy that the oil indications are found along a broad 
line which commences in the Hanover district, Cape Colony, and foUows a 
north-easterly direction to the Piet Retief district, in the Transvaal. 

The principal indications in Hanover district are the strong 
development of sulphuretted hydrogen gas f rom boreholes of about 300 
feet in depth, a distinct petroleum smell from these boreholes when they 
have been plugged and covered with earth, a deposit of saltpetre in their 
neighbourhood, and the enclosure of oil-bubbles in quartz crystals brought 
to the surface by Dolerite Dykes. This part of Cape Colony is covered by 
the Karroo Formation, tbe Beaufort Beds being especially in evidence. 
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Further north-east, in the Orange River Colony, I noticed in many 
places an iridescent film on the surface of pools. In some cases this film 
proved to be iron oxide, but more frequently it was caused by oil. It is 
very easy to distinguish between these two occurrences, as the iron oxide 
will divide into many small parts on being touched, while the oil always 
unites again. The latter is also much richer in colour. I f urther proved 
by carefully removing the oil-skin, that it appeared again sometimes with 
gas-bubbles on Btirring up the surrounding soil. 

South of Heilbron an oily-tar was found in the cleavages of a 
Dolerite Dyke, besides large deposits of saltpetre. In the neighbourhood 
of this dyke the vegetation is very poor compared with the other parts of 
the farm. 

Near Eroonstad, gas rose up so strongly in a borehole put down for 
water that operations had to be abandoned. In the Lindley district the 
indications are more plentiful, and further eastward, near tne Natal 
border, I found bituminous sandstones and clay. It was reported to me 
that water obtained by boring on different farms in this district proved 
to be undrinkable, and had a petroleum odour. 

The Wakkerstroom and Piet Retief districts are remarkable for the 
occurrence of bituminous shales. On the mountain slopes formed of the 
Dwyka Conglomerate and the Ecca Beds the usual indications are found, 
but in the deep valleys, where the older formation appears, there are 
outcrops of highly bituminous shales, which are easily inflammable, 
burning with a bluish light, and having a smell like stearine. These 
shales are often used as a f uel. 

On the Mabola River, a tributary of the Pongola, on the western 
side of the Slangapies Mpuntains, I noticed at different places oil con- 
tinually oozing out of a fine-grained sandstone. This river is not far 
from the farm where the first Transvaal oil-shale syndicate had been 
working. The discovery of asphaltum led to the formation of this 
company, and it is only due to the way of working that no results had been 
obtained. 

The indications referred to and the reports of many similar ones, 
especially in the Ermelo district, over a distance of more than 200 miles, 
clearly show that we have to deal here with an oleiferous zone, and not 
with merely occasional occurrences. Unfortunately, our knowledge of 
fossils in South Africa is very limited, but if anything can point to the 
former existence of a large fossil fauna in this continent, it is the very 
occurrence of these oil indications. 

In the Cape Colony and the Orange River Colony the indications 
appear in the lower and middle Karroo Beds, but I do not think that these 
are the strata in which the oil has originated. The Beaufort Beds are dis- 
tinguished by the occurrence of the Karroo Reptilia, such as Theriodonts 
and Dicynodonts. But continual oil indications have never been met 
with originating from huge fossils like the above. Besides this, the flora 
of the Karroo, so ably discussed by Feistmantel and Seward, proves that 
these sedimentary beds were deposited in fresh water. It is therefore 
unlikely that oil has originated in these beds, as we cannot anticipate that 
the topographical conditions, as well as the large developments of animals, 
have been favourable for the origin of oil in fresh-water basins. 
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There is evidence that an ocean must have partlj covered this part 
of South Africa between the depositing. of the older and younger Earroo 
Beds, but I feel inclined to adopt Mr. Draper*8 view, that this ocean was 
very shallow, with many islands and lagoons inhabited by numerous 
reptiles, and with a rich development of plant life. This theory is sub- 
stantiated by the occurrence of our coalfíelds over a large area on the 
same horizon, as real steam coal has been formed in brackish water and 
on long flat sea coasts and large river deltas. 

Coal and oil have often been discussed in connection with each other, 
as oil has been found in the floors of coal seams. But recent investigations 
prove that the source of such oil is not in the coal itself , but in the shales 
and sandstones of the coal formation, which contain abundant remains 
of fishes. It has further been proved that wherever large coalfields exist 
no oil in any quantity has been discovered, and I can therefore adopt the 
same theory for South Africa. If I then consider that the indications 
of oil increase in those parts where the older formations underlie the 
surface deposits; if, further, my observations unveil the fact that most 
of the oil indications in the Karroo Beds are situated near dykes or sheeta 
of igneous rocks, by which the oil from deeper horizons may have risen 
to the upper strata, I come to the conclusion that : — 

1. Oil in British South Africa has originated in the older 

palseozoic periods, probably in the Upper Devonian or Lower 
Carboniferous. 

2. Oil occurs in the Eastern Transvaal in the strata where it has 

been f ormed ; but in the Earroo Beds it is in a younger f ormation, 
having risen f rom deeper horizons through the numerous fissures 
and cleavages. 

3. The occurrence of gas, asphaltum, bituminous shale, oil-tar, and 

other indications of less importance distributed over a great 
area, indicate a certain ** Oil Line," formed on the same 
geological horizon, and under the same conditions. 

4. There is the probability of finding somewhere on this line a suffl- 

ciently large supply of oil or other products derived from 
bitumen for economical purposes. 

Before concluding, I will give a short description of Portuguese East 
Africa, south of the Zambesi, as far as I had the opportunity of studying 
the formation and the occurrence of oil. 

The belt of low flat land f rom 30 miles to 70 miles wide, which extends 
from the Zululand Border to the Zambesi, a distance of about 400 
miles, is distinguished by its agricultural value and a covering 
of dense forest. Topographically, it represents a true sea-shore 
formation, sloping seaward at the rate of about 10 feet per mile, its 
interior margin rising scarcely 350 feet above the sea. There are numer- 
ous lakes and lagoons with salt water, situated in swampy valleys, the 
latter surrounded by low hills. 

The topography is very monotonous. The surface is covered by sea 
sand, or in some parts by more recent alluvial deposits. Near the coast the 
same geological features seem to prevail as in Natal and Zululand, and 
the rocks outcropping belong to the Cretaceous period. They are identical 
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T^ith the rocks on the Island of Inhuac, 20 miles east from Louren^o 
Marques, which by their fossils have been proved to belong to the 
Cretaceous. The superfícial deposits belong to the Lower Tertiary, the 
Eocene, as proved by the occurrence of fossils very similar to those found 
in the Bagshot sand of England, and of the teeth of Otodus obliquus. 

The low relief of the coast, the absence of eztensive natural or 
artifícial cuttings and the rich vegetation render the study of its strati* 
graphy and structure very difficult. I would like, however, to submit the 
following results of my observations. 

The formations on this part of the East Coast of Africa have several 
times undergone elevation and subsidence since the beginning of the 
Cretaceous period. During these movements the position of the shore 
line of the Indian Ocean varied, being at times f ar inland from its present 
site, and ultimately receding again. 

The Cretaceous rocks can be divided into an older and a younger 
series. The older consists of clay and limestone, overlaid by sand; 
the younger of clay marls and sand, which show in some places the 
great influence of weathering. Upon these rocks have been deposited the 
Tertiary sediments, which, as far as I could find out, consist of clay and 
unconsolidated sand, with which a deposit of fossiliferous limestone 
about 30 feet thick is occasionally interbedded. This limestone consists 
almost entirely of fossils. 

Indications of oil in the form of a highly bituminous earth are found 
at many places in this sea-shore formation, and always in the swampy 
valleys, which may therefore indicate a certain weakness in the underlying 
strata. Forty miles inland from the small port of Inhambane it has been 
proved that this bituminous earth, which is dark in colour and lighter 
than water, contains a very high percentage of oil. 

By kind permission of the Directors of the Transvaal Inhambane 
Oil Wells, Limited, I give beneath the results of distillation of this bitumen, 
carried out in the laboratory of Mr. Snodgrass for this Company. 



Experiment i 
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From these results it wiU be seen that the contents of the crude oil 
vary from 85*04 gallons to 125-10 gallons per ton, its specific gravity from 
877 to 902. The residue is a porous friable coke, amounting to 22% 
of the original mineral, the melting point being 77° F. The oil is a parafiin 
with a high percentage of lubricating oil. 

The large quantity of this oil-bearing substance, which is scattered 
over a distance of more than ten railes, yielding four times more oil than 
the Scottish Shales, makes this spot one of the most interesting in South 
Africa. We have here no longer to deal with an indication of oil, but 
with the discoverv of an oil-field. Boring alone will prove the main 
reservoir or source. 

There is ample proof that the scattered pieces of bitumen have been 
deposited at different times, the newer ones containing the highest per- 
centage of oil. The source of the oil must be in deeper seated strata, and 
the work now carried out at this locality should throw some light upon 
the nature of these beds. At present it seems as if this part of the country 
was subjected to oscillations during Tertiary times, probably accompanied 
by the dying out of volcanic disturbances, which must have resulted in 
folds, faults and fractures. But the stratigraphy of the country is little 
known, and there is no surface evidence of the presence of anticlines and 
synclines, so important for collecting a large supply of oil. 

If a deposit of fossiliferous limestone as described above should be 
found in sufiicient thickness, it is very likely that it is the oil producer, 
although the oil itself may be found below it, having followed the dip 
and fissures of the strata downward. On the other hand, it is quite pro- 
bable that the oil has originated from bituminous shale or clay with a 
large admirture of organic matter, and has risen to the overlying porous 
sand. In this case the oil will be found at a shallow depth. 

In conclusion, I beg to point out that oil is very seldom found by 
accident, but only by long and careful search, as it is impossible to 
determine the actual point where it can be found, at least not before the 
stratigraphy of a certain area has been minutely studied. But even then, 
the locating of oil, which has passed into lower formations, merely by 
examination of the geological conditions of the overlying strata, is abnost 
impossible, and the public will never realise the difficulties which have 
to be overcomo. 

I need not tell you the great economical value a discovery of oil 
would have for South Africa, especially as even the largest oil wells in 
the world have only a limited supply. Prospecting for oil may be a 
hazardous undertaking for those who supply the money, but they will 
be a hundredfold repaid by successful achievement. 

It has been impossible for me to give at present an^-thing but the 
broadest outlines of the occurrence of oil in South Africa. I hope, 
however, that this paper will induce the members of the Geological 
Society to give their attention to all indications of oil which they may 
come across in carrying out their professional work in the different parts 
of South Africa, and thus ultimately lead to the discovery of a large 
oil-field in this part of the world. 
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The Sandstones of Buiskop and the Springbok Flats 
(Read llth April, 1905). 

By Edward T. Mellor. 

(Ck>minuxiicated by permission of tbe Director of tbe Geological Survey.) 

[Plate VIII. 1 

Under the name of Springbok Flats is usually included an eitensive 
tract of generally flat country, extending from the neighbourhood of the 
Pietersburg Railway south of Warmbaths, north-eastwards as far as the 
location of Zebedela, a distance of some seventy miles. The Flats average 
about twenty miles in breadth, and thus include an area of somo 1,400 
square miles. 

A very large proportion of the total area, including nearly the whole 
of the more low-lying portions, consists of a huge sheet of amygdaloidal 
diabase known as the ** Bushveld Amygdaloid." 

In the south-western portion of the Flats this broad expanse of diabase 
Í8 bordered, both on the north and south, by low ridges rising from 50 
to 200 feet above the general level. As a rule, these ridges are deeply 
covered with loose yellow sand, from which sandstone occasionally crops 
out, usually as small hummooky masses a few yards in diameter, but 
sometimes o£ larger dimensions. These more eitensive outcrops give rise 
to numerouB kopjes of a uniform and peculiar type, which form one of 
the most characteristic features of the Springbok Flats. A few of the 
larger of these kopjes, such as the Moloek's, Pankop, Zandfontein Eopje, 
and Moroelaskop, are distinguished by speoial names, but the majority are 
nameless. 

Moloek's Eopje, one of the largest individual massee on the south side 
of the Flats, forms a long narrow ridge about half a mile in length from 
east to west, and rises abruptly to a height of 70 or 80 feet above the 
general level, and is thickly covered with bush and trees. From most 
points of view, it has the appearance of consisting of a huge pile of loose 
blooks ot sandstone. Some of these blocks are as much as 20 feet in 
diameter. 

The resemblance to a huge pile of blocks is shared by all the kopjes, 
which vary in size from that of Moloek's Eopje through every gradation, 
to a heap of small sandstone fragments a few feet in height. 

These kopjes, as well as the sandy ridges above which they rise, are 
composed of a sandstone with many well-marked and characteristic 
features, of which the special mode of weathering that gives riso to the 
peouliarities of the kopjes just descríbed is only one. These sandstones, 
in the seanty referenoes which have so far been made to them, have in \ar 
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ably been assigned to the Waterberg Series. In the course of mapping 
some 900 square miles of the south-western portion of the Springbok Flats, 
<ind also as a result of serveral traverses along their eastern bordera, 
evidence accumulated to show that these sandstones belong rather to the 
Karroo than to the Waterberg Seríes, and it is this evidence which I wish 
to put before the Society in the present paper. 

DESCRIPTION OF THE SANDSTONES. 

The sandstones of the Springbok Flats are distinguished by the 
following characters : — They are universally rather fine in grain and 
uniform in texture, they rarely, if ever, show any tendency to become gritty, 
and no conglomerates or pebble-washes of any kind have been observed, 
except perhaps at the extreme base. They are peculiarly massive and 
homogeneous, and only rarely show traces of bedding-planes, and then 
usually at wide intervals apart; individual beds frequently attain a 
thickness of 30 feet, or even more. They rarely show any perceptible 
dip, but appear to be almost everywhere horizontal. In colour, they vary 
from a deep red as at Buiskop, through every gradation to almost pure 
white or cream. Where hard and quartzitic, they are usually red ; where 
weathered and soft, yellowish to white. The red varieties closely resemble 
a very fine and even-grained Waterberg Sandstone, but never show any 
tendency to the purple coloration so characteristic of Waterberg Rocks. 
When wïite they cannot be distinguished from the fine-grained white 
sandstones of the Coal Measures. Very characteristic ia the mode of 
weathering of exposed surfaces, which commonly results in the production 
of bizarre patterns, including pitted. nodular, and reticulated forms 
closely resembling those exhibited by the finer grained massive sandstones 
associated with the Coal Measures and with the Glacial Conglomerate. 

A further characteristic feature is the frequent occurretice of a 
system of parallel vertical joints, which have a very constant trend from 
E.N.E. to W.S.W. These joints are especially noticeable on the kopjes. 
They are present in all the larger kopjes, and nearly all the smaller one», 
and are especially conspicuous and numerous in Buiskop. 

These vertical joints give rise to the clean faces frequently seen in 
the sandstones, and, together with the widely-separated bedding-planes, 
divide the kop.ies into the huge blocks which give them so characteristic an 
appearance. In the immediate neighbourhood of the joints the sand- 
stones are usually hard and quartzitic, and it is probably to the occurrence 
of these quartzitic portions with their greater resistance to woathering 
that the kopjes owe their origin. 

The points in which the Springbok Flats Sandstones differ from those 
of the Waterberg Formation are briefly as follows : — 

1. They never show any tendency to purple coloration. 

2. They show little or no variation in texture through consider- 

able thicknesses and over wide aroas. 

3. As far as observed, they contain no conglomerates o/ 

pebble-washes. 

4. They are exceedingly massive, and rarely show distinct 

bedding. 
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5. They weather into peculiar and characteristic forms, unlike 

those usually raet with in Waterberg Sandstones. 

6. They are almost universally horizontal. 

DISTRIBUTION OF THE SANDSTONBS. 

The general distribution of the sandstones in the western portion of 
the Springbok Flats is shown in the map, Plate 

It will be seen that on the south side of the Flats they form an almost 
continuous ridge. This was followed from the railway line about three 
miles north of Pienaars River Station to Mabaan's Location (Schilpad- 
fontein), whence the sandstones probably continue further to the north- 
east by Geelbecksvlei, Nooitgedacht, and Rotong towards the patches of 
sandstone on Zebedela's Location and those near the Olifants River 
referred to below. 

On the north side of the Flats they are well represented on Buiskop, 
and the string of kopjes of diminishing size which runs to the north-east 
ar far as the middle of Doornput (2,035). Reappearing in characteristic 
kopjes near the north-west corner of Moroelaskopfontein, they extend 
across this farm eastwards into Riekertsvraag, whence, like the southern 
belt, they appear to continue towards the sandstone areas of Rotong and 
Zebedela's Location. 

Of the area surveyed they occupy some 170 square miles, and their 
entire extent on the Flats must exceed 300 square miles. 

Owing to the quantity of drift sand shed by these sandstones, the 
level character of the district, and the absence of any natural sections, it 
is rarely possible to fix very exact boundaries between the sandstones 
and the adjoining areas occupied by other rocks. 

The almost universally horizontal deposition of the Springbok Flats 
Sandstones is the more striking, as it is often in sharp contrast with the 
high inclination of rocks of the Waterberg Series in the inmiediate 
neighbourhood. Thus the extensive patch of sandstone, of which Buiskop 
forms the western extremity, is everywheare practically horizontal, the 
greatest observable dip (of 3° N.) occurring on Buiskop itself. On the 
other hand, in the extensive ridges on the other side of the valley to the 
north, the Waterberg Sandstones are nowhere horizontal and are some- 
times very highly inclined, and even vertical in the ridge forming the 
northern boundary of the farm Cyferfontein (1,200). 

Further east beyond Moroelaskop, in an area occupied by the 
peculiar massive fine-grained sandstone of the Flats, and co^^ining 
several characteristic kopjes, there occurs on the farm Roosterlaagte a 
conspicuous ridge of typical coarse purple-brown Waterberg Sandstones, 
much broken and faulted, which offers the strongest possible contrast to 
the surrounding undisturbed and horizontal sandstones. 

Again, on the south side of the Flats, the horizontal fine-grained 
yellow massive sandstones of Mabaan's Location contrast sharply with the 
rooks forming a conspicuous kopje to the south-east, on which the 
characteristic purple-red conglomerates, sandstones, and quartzites of 
the Waterberg Formation are all highly inclined, the quartzites at the 
northern extremity of the kopje being vertical. 
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Unfortunately, in all the instances just mentioned, owing to the 
ocourrence of abundant sandy drift, the actual junctions of the horizontal 
Beriee of the Flats with the Waterberg Sandstones can nowhere be seen. 
There is, however, evidence available from neighbouring areas, which 
throwB considerable light on the relationships of these horizontal 
sandstones. 

About three mile^ due west of Naboomspruit Railway Station, the 
low country of the Springbok Flats gives place to high ridges, forming 
part of the general eastem edge of the high ground of the Waterberg. On 
the north-west boundary of the farm Vlakfontedn (2,187) these high 
ridges are composed of a coarse variety of the Red Granite. On the íop 
of the granite ridges occur sheets of horizontal sandstones, identical in 
every detail of general appearance, mode of weathering, texture, etc, with 
the sandstones of the Springbok Flats, from which they cannot be 
distinguished. 

On Ylakfontein the sandstone attains a thickness in places of about 
30 feet. Their upper portions are massive, but towards the base traces 
of stratifícation become more frequent, and the lowest portions are com- 
posed of distinct beds of sandstone from 4 inches to 18 inches thick, 
alternating with coarse, gritty and conglomeratic beds, composed of debris 
and fragments derived directly from the coarse granite upon which ihe 
sandstones rest. 

These coarse beds are limited to a thickness of two or three feet at 
the base of the sandstones. They consist for the most part of fragments 
of granite, felspar and quartz, with much iiiterstitial partly decomposed 
felspathic material. Besides the granitic material, which is all more or 
less angular, there are a few rounded pebbles rareiy exceeding one inch 
in diameter, composed of dark-red or purplish quartzite with some cherty 
and jaspery fragments, possibly derived from Waterberg Conglomerates. 

These coarse basal beds always lie directly on the granite, and the 
junction can be easily followed for considerable distances. la somo placee 
the fine-grained sandstones lie on tho granite without any intervening 
conglomeratic beds. Both the sandstones and the small conglomerates are 
quite unlike any beds in the Waterberg Formation in the adjoining areas. 

Similar sandstones were dbserved by Mr. H. Kynaston capping the 
granite ridge in the south-east corner of Naboomspruit (229). 

The same sandstones also occupy considerable areas on the lowest 
slopes, and on the Flats at the foot of the granite rídges. They are 
trav^gpd by the road from Nylstroom to Pietersburg on the farms 
Nooitgedacht (2,139) and Vlakfontein (2,187), and are well exposed in 
the bed of the main spruit on the north-east corner of the latter. Their 
position at this much lower level is due to a clearly defíned and excep- 
tionally conspicuous fault which runs along the lower slopes of the granite 
ridges. 

It has been suggested above that the sandstones of Moroelaskop 
and Schilpadfontein probably extend with more or less interruption 
eastwards to the neighbourhood of the Olifants River, near which there 
are several occurrences of horizontal sandstones resembling in varying 
degrees the more westerly examples. One of these, which is oomparatively 
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well known, is that traversed by tlie Zebedela River, in the neighbourhood 
of Slipstein Drift. These sandstones forra a patch surrounded by wide 
expanses of Red Granite. They do not form kopjes, but are well exposed 
in the bed of the river about the drift. Like the western exampleS) to 
which they bear a close resemblance, they are even in texture, fine in 
grain, and often very massive, weathering out in a characteristic manner. 
Sorae beds, however, show more tendency to lamination, and are at times 
much falfte-bedded. In the river-bed exposures the sandstones are white 
or slightly yellowish in colour; away from the stream they are frequently 
bright red, like the sandstones al)out Buiskop. 

Owing to this mode of exposure in flat sheets in the bed of the river 
and the bleaching they have undergone by the action of the stream, these 
sandstones bear a greater outward resemblance to sandstones of the Coal 
Measures than any of those previously referred to, and they are therefore 
frequently spoken of as probably belonging to the Karroo Formation. 

The Slipstein Drift Sandstones lie horizontally. I did not myself 
observe the actual contact, but Mr. T. G. Trevor informs me that in places 
the sandstone can be seen to lie directly on the granite. 

RELATIONSHIPS OF THE SPRINGBOK FLATS SANDSTONES. 

The relation of these Slipstein Drift Sandstones to the Red Granite 
on the east side of the Flats appears therefore to be the same as that of 
the Naboomspruit Sandstones on the west. Both present strong 
resemblances to the intervening sandstones of the Flats. 

The same relationship to the Red Granite is also shown by the 
horizontal sandstones on the south-east border of the Flats defecribed in a 
previous paper.* At the same time, the connection of the lutter with the 
Karroo Formation is placed beyond doubt by their being underlain by 
the Glacial Conglomerate, when they do not rest directly on the Red 
Granite. 

Although such absolute proof of the relationships of the sandstone of 
Buiskop- and the Springbok Flats as would be f urnished by finding them 
in contact with undoubted Waterberg Rocks has not yet been met with, 
the considerations detailed above appear to afford very strong evidence 
that the sandstones in question are to be referred rathcr to the Karroo 
than to the Waterberg Formation. 

THE BUSHVELD AMTGDALOID. 

In one locality on the Flats, the amygdaloidal diabase can he seen in 
contact with and overlying the sandstones described in this paper. If 
the conclusíon arrived at with regard to the age of the sandstones be 
correct, the amygdaloidal diabase of the Flats must be regarded also as 
of Karroo age, corresponding to the extensive diabase flows associated 
with the upper part of the Karroo Formation in other parts of South 
Africa. With these flows the diabase of the Flats shows many interesting 
points of resemblance, ín mode ^f occurrence, in composition, and in 
petrological characters. 

• "Outliers of the Karroo SyHteiii near the junction of thc Ehincls antl Olifants 
Rivers." TixtM. Gcol. Soc. S.A.y vol. vii., p. 133, 1904. 
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EviDENCE OF CoNTEMPOKANEOUS VoLCAMC ACTION IN THE 
LoWER POKTION OF THE WaTEKBEUG FoRMATlON ( líeíul 

llth April, 1905). 

By Edward T. Mellor. 

(Coiniuunicated by perniÍ8.siou of the Director of tlie Geological Survey.) 

In the course of recent work in the neighbourhood of Rhenoster Kop, 
which lies about twenty miles' north from Balmoral, a number of 
interesting rocks were met with which throw considerable light upon the 
conditions prevailing during the d^osition of the lower portion of the 
Waterberg Series. 

The lowest beds of the Waterberg Formation seen in Rhenoster Kop 
consist of a series of purplish-black, hard shales and flags with occasional 
greenish and reddish bands quite similar to those occurring at Balmoral,* 
but attaining a thickness of about 400 feet. These shales and flags differ 
in many respects frora ordinary clay-shales and sandstones. Occasional 
thin bands of breccia occur at intervals in the flaggy series. In their 
upper portions these rocks become somewhat coarser in texture, and more 
thickly bedded, and pass into reddish-brown sandstones, more like the 
usual Waterberg tyi>e. Passing upwards, these contain an increasing 
number of pebbles and fragments, and become conglomerates, in which 
the pebbles and boulders are of moderate size, and the bedding planes are 
usually fairly well defíned. These beds resemble in general appearance 
the usual type of Waterberg conglomerate, but the matrix is not so sandy 
in character, is greenish or purplish in colour, and has an igneous look. 
Many of the pebbles consist of a ligHt green tuff-Iike rock. These con- 
glomerates give place rather abruptly but without any sharp break to a 
peculiar rock which forms one of the most striking and characteristic 
features in the geology of Rhenoster Kop. It is a hard red massive 
breccia or agglomerate composed of angular, sub-angular or somewhat 
rounded fragments and boulders, mostly of red banded felsite, ranging 
in size from a fraction of an inch up to two feet or more in diameter. 
These are distributed through the matrix without any recognisable 

• E. T. Mellor, " The Waterberg Sandstone and its Relations to other Fomiations 
in the Transvaal." Trana, Geol. Soc. S.A., vol. vii., p. 44, 1904. 
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arrangement. The matrix consists of finer fragmental material, similar 
in character to that of the larger fragments. The rock only occasionally 
shows tracee of rude bedding planes, and weathers into huge rounded 
masses after the manner of a massive igneous rock. It is so compact that 
fractures pass indifferently through both matrix and included fragments, 
the limiFs of which are difficult to distinguish on freshly broken surfaces, 
although they come out with great clearness on weathered faces. In the 
deep ravines on the southern slopes of the Kop clean faces of this • 
agglomerate fifty feet in height can be seen, and from observations on 
other parts of the Kop its thickness must be at least 200 feet, and is 
probably nearer 400. It appears to die out rather suddenly to the west, 
but towards the east it can be followed for some miles. This rock has the 
characters of a volcanic agglomerate or breccia. It is succeeded by a 
conglomerate of quite a different character, having a dark green 
igneous-looking matrix consisting mainly of small fragments of various 
igneous rocks. In this matrix occurs a variety of boulders, many of 
which are composed of coarse basic igneous rocks. A very characteristic 
feature is the occurrence of a large number of well-smoothed boulders of 
white quartzite of exceptional size, reaching as much as four feet in 
diameter. Boulders of red felsite, purplish-red syenitic rocks, and 
indurated quartzose shales also occur. This green conglomerate is 
succeeded by a further series of conglomerates of the usual Waterberg 
type, with pebbles of moderate size, in a matrix consisting of coarse brown 
sandy material, and these in turn give place to soft coarse purple-brown 
sandstones of characteristic Waterberg appearance. With these occur 
also occasional beds, consisting of greenish frngmental material, mostly 
of igneous origin, and quite similar to the matrix of the green conglomerate 
above referred to. 

An almost exactly similar succession of rocks to that just described 
occurs six miles east of Rhenoster Kop, near Assegai Kloof, and here the 
sequence and thickness of the beds are more clearly shown. Another 
interesting feature in the geology of Rhenoster Kop is the extensive 
occurrence of banded felsites. These are usuallv found below the flagsry 
shales at the base of the Waterberg Series. They are most frequentlv 
brick-red in colour, with dark greenish bands : in other exnmples the whole 
rock is of an olive green colour, banded with lierhter and dnrker shades. 
Tn some cases the bands are straiffht and pnrnllel, in others sinuous and 
confused. These banded felsites form nearly the whole of the big ridge 
on the north side of Trigards Spruit. Thc banding is due to a flow- 
structure, which is often beautifully brought out by the differential 
weathering of the various bands. Under the microscope these banded 
felsites show a micro-crystalline structure which appenrs to be rather the 
result of dovitrification thnn the original condition of the rock. The 
various bands differ from each other in coarseness of structure. The rocks 
have a hisrh percentacre of siHca, and appear to have l^een oricrinally more 
or less erlassy rhyoHtic lavas. Some examples show extremely beautiful 
spherulitic structure with tho spherulitos arranged in bands. Red 
felsites without banded structure alsd occur. In most cases the felsites 
appear to be intrusive below the flaggy series at the base of the Waterberff. 
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a relatíonship not incompatible with theír banded character. It is possible 
that surface lavas are also represented. 

West of Rhenoster Kop the banded felsites are frequently associated 
with broken outcrops of a rock which at fírst sight looks like a greenish- 
white fine quartzite. The rock is distinctly bedded. It is, however, not 
very quartzose, is tough under the hammer, and weathers throughout to a 
greenish colour. Under the microscope it has a very finely crystalline 
appearance, but none of its constituents are determinable. It appears to 
be a very fine tuff. The red volcanic agglomerate previously mentioned 
consists to a large extent of fragments of banded felsitos similar to those 
ocourring below the flaggy series. The conglomerates of Rhenoster Kop 
and in the sections further east have an aggregate thickness of not less 
than 600 feet, including the agglomerate. They succeed conformably, but 
somewhat abruptly, some 400 feet of sediments, which are for the most 
part of fíne-grained and shaly character. This complete change in the 
chnracter of the beds, the thickness and nature of the conglomerates, the 
occurrence of fragmental beds consisting for the most part of igneous 
material, and the general nature of the whole assemblage of rocks, lead 
to the conclusion that the period represented by the lower portion of the 
Waterberg Series was marked by vigorous contemporaneous volcanic 
activity. The only other explanation which appears at all feasible is that 
large masses of pre-existing volcanic rocks had become suddenly exposed 
to violent erosive action. 

Mr. H. Kynaston has drawn my attention to the remarkable 
resemblance which obtains betweem the conditions shown by the Waterberg 
Formation in the Rhenoster Kop area and those of the Lower Old Red 
Sandstone in Scotland. So far as our knowledge of the former formation yet 
goes there is so close a parallelism between the two that the probability 
of the conditions which produced the distinctive characters of the one 
being similar to those associated with the laying down of the other becomes 
very great. 

AOE OP THE RED GRANITE. 

With regard to the xelationship of the Red Granite to the Waterberg 
Formation, the frequent occurrence of conspicuous conglomerates at the 
base of the Waterberg Series and the presence in them in certain localities 
of pebblee of felsite and felsite-porphyry is held to indicate that the 
Waterberg Formation is of later age than the Red Granite. Dr. 
Molengraaff advanced this view in his description of the Waterberg 
district,t but later inclined to regard the Red Granite as a laccolitic 
intrusion.J The former view was adopted by Mr. G. G. Holmes in 
his papers on the Northern Traiisvaal § and on the Rustenburg 
District.ll Felsite pebbles do frequently occur in the Waterberg Conglo- 

t G. A. F. Molengraaff, **Stat€ Geologist's Report," 1898, pp. 25-26. 

X G. A. F. Molengraaff, "Geologiede la R^^publique Snd-Africaine du Transvaal." 
BuU. de la Soc. Gcol. de France, 1901, p. 66. 

§G. G. HolnieR, *'Some Note» on tlie Geology of the Northern Transvaal.'* 
Trans. Geol. Soc. S.A., vol. vii., pp. 5.5-56, 1904. 

II G. G. Holmes, ** The Geology of a Part of the Rustenbnrg Distriot." Trans 
Groi. Soc. S.A., vol. viii., 1905. 
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meratesy and, moreover, these conglomerates can be seen to reet directly 
upon felsites, from which the majority of theír boulders and pebbles have 
been derived, notably on Leeuwdoorns (2,225). I have, however, failed 
to find evidence of a sedimentary junction between the Red Granite and 
the Waterberg Series. On the other hand, there is clear evidence at 
Balmoralf of the intrusive character of the Red Granite, and further 
observations at Rhenoster Kop, twenty miles to the north, and in an area 
lying south-west of Moord Drift Station, in the Waterberg district,** all 
point to the Red Granite being later at least than the lower portion of 
the Waterberg Series, and also than many of the felsites upon which the 
latter frequently rests. Although these felsites often bear a close 
resemblance to those which sometimes form marginal portions of the Red 
Granite, the evidence so far available seems to show that many of them 
were in existence and exposed to denudation before the consolidation of 
the granite and represent earlier products of the volcanic activity which 
was continued into the Waterberg period. 

1Í E. T. Mellor, •* The Waterberg Sandstone Formation and its Relations to other 
Formations in the Transvaal." Trans. Geol. Soc. S.A., vol. viL, p. 44, 1904. 

• " Relation of the Felsites and Red Granite to the Waterberg Series." 
Ann. Re. of ihe Geoloffical Survey of the Transvfudy 1904. 
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The Gold Deposits of the Murchison Range in the North- 
EASTERN Transvaal (Read llth April, 1905). 

By Hans Merensky. 

The Murchíson Range trends from the Drakensberg in a north-easterly 
direction for a distance of sixty to seventy miles. It consists along Fte 
entire extent of parallel chains of mountains, fxequently intersected by 
cross valleys, and standing out conspicuously f rom the Low Country plains. 
The highest summit is tlie Spitzkop, with an elevation of just one thousand 
feet above the level of the plains. 

Gold-bearing deposits occur in the range over the greater part of its 
extension, and in its immediate neighbourhood. 

GENERAL OEOLOOT. 

The plains consist of basement (or ancient) granite, between whioh 
there lies a zone of crystalline schists, several miles wide, farming the 
Murchison Range. 

The dip of these schists is at least 60** to the north. Petrographically, 
the schists are chiefly chloritic, talcose, amphibolitic, and quartzitic. 
Oocasionally parts of these schists are impregnated with sulphides, 
especially iron pyrites. This impregnation is, as a rule, very finely 
disseminated, fahlband-like, but now and then the pyxites is massed 
together, forming elongated or lenticular bodies. The pyrites in these 
deposits Í8 mainly of a light greyish colour, and of a low grade in gold. 
ThÍB may be the result of repeated metamorphism oaused by contact, or 
by dynamic and thermal action. 

As regards their age, these strata have to be classified as belonging 
to the oldest stratigraphical group, the Archfiean. 

Numerous eruptive masses, basic rocks, and also aplitea, are found 
embedded in these strata; the basic rocks often carry pyrites, as far as I 
oould observe, as primary components. 

THE ORB DBPOSITS OF THE MURCHISON RANOE. 

Two zones of reefs have so far been located in these schists, a southern 
and a northern, following the trend of the two principal ranges, which 
are separated by a fairly regular valley, two or three miles in width. The 
Bouthem zone of reefs crosses over the above-mentioned Spitzkop, hence its 
name, the Spitzkop Belt. The northern zone is generally known under the 
name of the Antimony Belt, and is of greater width, and more regular 
than the other one. 
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On the Antímony Belt I had the opportunity of seeing considerable 
developments, amongst others, on the farm Coblenz and on the Vallentin 
Claims, eighteen and two miles respectively west of Leydsdorp; also on 
the Gravelotte and Free State Minee, eight and twelve miles respectÍTely 
east of Leydsdorp. 

Tectonically, these ore deposits have to be classified as zones of veins 
with individual main lodes and leaders, whioh commonly conf orm with the 
strike and dip of the schists. Now and then only the^ large longitudinal 
▼eins are connected by cross veins. There can be no doubt that these are 
true fisBure veins, although their walls are usually not particularly well 
defined. Slickensides, however, are common, and it is often found that 
these longitudinal veins also cross the strata at very slight angles. The 
indÍYÍdual lodee are as much as several yards wide. 

The prevalent mineral in the matrix is quartz — ordinary reef quartz, 
oocasionally sugar-grained quartz, and also quartzitic masséls. In addition, 
carbonates of lime, magnesia, and iron occur. The ore shows its true 
oharacter only in the deeper levels, where it is undecomposed, and is seen 
to consist of gold-beaj*ing antimonite, copper and iron pyrites; and also 
of coarse free gold, often in grains of the size of a pin-head. The ore 
oocupies now and then a larger space in the veins than the gangue. The 
horizons above the underground water level carry all the corresponding 
oxides and carbonates of the various minerals, as " copper fahlerz — or 
grey copper," and naturally a larger percentage of freé gold. 

The country rock, which separates the individual veins in the said 
zones, is more or less thermally-metamorphosed, eitheo* to quartzite or to a 
peculiar rock, composed mainly of quartz, dolomite, and calcite, in which 
the original schistosity has often been completely obliterated. The 
intensity of the metam<xrphism decreases with increasing distance from the 
veins; the transition into normal schists can therefore be clearly seen at 
most places. 

The transformation of the country rook changes along the strike 
inasmuch as quartzite sometimes prevails over short distances, and some- 
times masses consisting of carbonates. The quartzitic parts may be 
readily recognised in the landscape; they form hills and mountains, and 
tower above the flat veld, nowhere more conspicuously than on the farm 
Coblenz. 

The quartzites and the carbonates oontain the same ores as the lodes, 
generally, howevex» in lesser quantitiee. This is only natural, because the 
depoBÍtion of ore matter found less favourable conditions, when the solu- 
tions penetrated a solid formation than when they circulated in open 
fissures and in cavities. 

The zones of reefs, i.c, the individual fissure veins, together with the 
enclosing and adjoining country rock, which has been translormed and 
Bimultaneously infiltrated f rom these veins, not infrequently jreach a width 
of 200 feet and more. Such zones are found sometimes duplicated and 
triplicated, but are then not quite so wide. 

Now and then the numerous veins join and continue less in number, 
then forming relatively wider fissures. On the other hand, the whole of 
the veins may be indifferently developed, eveti over larger stretches, so 
that it is difficult to trace their outcrops. 
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The difference in the mineralisation, not only of the various zones of 
veins, but also of the veins in one and the same zone, is quite remarkabk. 
Sulphides and antimonite are often alraost completely divided over separate 
íissures running parallel to one another at short distances. A similar 
separation occurs in the mineralisation along the strike of one and the 
same zone. 

The metamorphic schists separating the veins contain gold in 
very varying quantities, ranging from a trace to several dwts. They could 
not be mined profitably everywhere, in view of the cost of the present day 
exploitation. The físsure veins contain gold from a few dwts. to several 
ounces per ton. 

In the Free State Mine, more and better development work has been 
done than at other places ; one físsure vein, fairly regular, and fxom three to 
fíve feet in width, has been followed there along the strike and dip for 
about 300 feet; and the development is being continued. The average 
yield appears to be 17 dwts. right across the reef. Other fissure veins 
yielded 10 dwts. and more. In these zones, in the same way as has been 
observed iu all tnie fissure veins, poor parts of low-grade ore occur, and 
then again some rich ore ehutes. 

It would be premature, however, in view of the relatively small amount 
of knowledge derived from the development done so far, to consider the 
possibility of establishing the same definite rules for the course and 
conduct of these chutes as has been done elsewhere. 

One of the chutes on the Free State Mine, affeoting the entire zone, 
veins and schistose partings included, appears to continue for 300 feet 
along the strike, with a slight dip eastwards. 

It Has been mentioned that the nature of the metamorphism of the 
country rock ohanges along the strike. It may be possible that a close 
connection exists between this phenomenon and the varying gold contents. 
It would be of great practioal value to study these points closely, in order 
eventually to establish definite rules. 

THE SOUTHERN LINB OR SPITZKOP BELT. 

There are two entirely different kinds of reef on this line, namely, 
zones of true fissure veins in the schists, and peouliar mineralised zones 
in the amphibolitic rocks. 

The fijrst kind corresponds structurally to the zones on the Antimony 
Line above desoribed, exoept that the zones and the individual veins are 
generally not so powerfully developed. There is also a difference in the 
matrix, inasmuch as the proportion of carbonates to quartz is still smaller 
and that antimonite seems to be entirely absent» Very rich chutes, con- 
taining much visible gold, have been struck repeatedly in the upper levels 
of some mines, especially on the Blue Jacket. Every one of these chutes 
is probably due to secondary enrichments. It is common to find these 
near the underground water level. These rich acoumulations have spoiled 
the miner, so that he usually abandoned all work when he touched 
the undecomposed pyrites. No data are obtainable therefore to show 
what the value would be in the undecomposed parts of the reefs, because no 
development has gone deep enough. 
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The second kind o£ reef on this southern belt is, as above mentioned, 
closely connected with the amphibolitic rocks. At the time of my visit no 
work was being done on this line, except on the Lawrence Mine, a few 
niiles south-west of the Blue Jacket. Interbedded with the chloritic slates 
there is an amphibolite, composed chiefly of a felted mass of dark horn- 
blende crystals arranged in parts radially or in bunches, in parts quite 
irregulaxly. Over the last 60 feet the southern portion of this rock shows 
an increasing schistosity with a simultaneously increasing percentage of 
quartz, so that finally at the southern contact a quartzitic structure 
prevails, of whitish-bluish colour. This contains many single needle-like 
crystals of a green actinolite or a network of minute fissures filled by 
actinolite. It is in this peculiar mass, and also to a lesser degree in 
the adjoining schistose amphibolite, that a large number of more or less 
regularly distributed grains of gold-bearing sulphides, especially of iron 
pyrites, are scattered. These grains are aggregated against and follow 
closely the actinolite fissures, and are in proportion to the quantity of 
amphibole. The width of this mineralised zone is uncertain ; three 
feet and more were opened at a depth of 100 feet over a considerable 
distance along the strike. The average yield was stated to me as alout 
10 dwts. of gold pex ton. This zone was also traced fo»' several hundreds 
of yards by surface prospecting. 

Similar geological conditions prevail on the La France Miue, which 
lies to the east of tlie Blue Jacket, and where work is ut pre.sent abandoneíl. 

I believe these interesting occurrences to be contact deposits which 
originated probably through metamorphism of calcareous zones embedded 
in the crystalline schists. The minejalisation effected by such a meta- 
morphism may again have been intensified by succeeding thermal waters. 
Tiny fissures of gold-bearing reef quartz, which now and then intersect the 
ore bodies, point to this. 

I abstain from a definite decision as to whether tlie formation of these 
ore-deposits is due to the action and influence of thc granite, or to the 
more recent eruptive rocks; but I may give prefercnce to the opinion that 
the metamorphism of the strata and their partial mineralisation with 
low-grade pyrites is due in the first instance to the influence of the granite, 
whereas the formation of the gold-bearing contact deposits and the in-filling 
of the fissures has a drect connection with the later trap xocks, the eruption 
of wliich took place in association with the tiltin^^ up of tlie crystalHne schists. 

In conclusion, I should like to mention some occurrences in the 
Klein-Letaba Goldfields, especially those of the Eclipse, Birthday and 
Louis-Moore, the last of which is the only one at present developed. There 
is a mineralised zone on the Eclipse which contains gold-bearing iron and 
arsenical pyrites in a mass of actinolite and tourmaline. 

On the Birthday Mine there is, besides a quartzitic body which is 
fissure-like and gold-bearing, a mass, composed of limestone and calcite 
with some quartz, actinolite, and gold-bearing iron and arsenical pyrites. 
The metamorphism of the calcareous strata can be recognised here with 
some certainty. 

The Louis-Moore Mine, which Has been so much talked about recently, 
has several bodies of clear tremolite, which carries visible gold apparently 
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iu primary form. No pyrites nor its product of decomposition haw 
becn found down to a depth of axbout 200 feet. This deposit is tlierefore 
of thc greatest intcrest as a true conUict-gokl-deposit. No otlier gohl 
occurrence of this kind has previouKly come to my knowletlge. It rnust 
remain for future decision whelher the o'-iflfinal rock her piso wa:^ coinp.>.sed 
of linicstone or iiot. 
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Gkological Notes on the Bushveld Tin Fields and the 
SuRBOUNDiNG Area (Rcad Ist May, 1905). 

By A. L. HaU, B.A., F.G.S. 

(Conimunicated by permission of the Director oí the Geological Survey.) 
[Platea IX. and X.] 

During the winter months of 1904 I was engaged in mapping the 
north-eastern portion of the Pretoria district, and as the area surveyed 
included the tin-bearing locality on the farm Enkeldorn, I had an 
opportunity of examining it and the surrounding country. Through the 
courtesy of Mr. Wilson, and of Mr. Clarke, the manager, I was able 
to study the occur.rence, both on the surfaoe, as well as below, during eaoh 
of the three visits that I paid to the workings — the first of which was in 
August, the second in September, and the third at the end of October. 

THB PHTSICAL FEATURBS OF THË ABBA. 

The portion of the Pretoria district to which my remarks apply lies 
about 40 miles to the north-east of the capital, and represents some 350 
square miles in extent (see Plate IX.). It is most readily accessible by 
way of the main road, which proceeds through Hatherley and Beynespoort, 
crosses the Elands River at Wagensdrift, and continues thence towarda 
Oliphants River. About IJ miles east of Elands River, this road sends 
off a branch towards Middelburg, and then continues across Hartebeest 
Spruit to Enkeldorn Spruit. Immediately on the north side of the drift 
over this latter spruit, a good road leads off to the east up a gentle incline, 
which takes one to the tin-bearing locality. The workings are situated 
about half a mile from the drift. 

The approximate southern boundary of the Bushveld runs obliquely 
from north-east to south-west across the south-east portion of this area. 
North of the line we find, more or less, the characteristic Bushveld vegeta- 
tion, while to the south there are practically no trees. The two main 
watercourses axe the Enkeldorn Spruit and Kameel River ; these ap- 
proach one another pretty closely near their sources, and are separated 
by a well-defined watershed running nearly due north and south, which 
coincides, roughly, with the limits of the felsites over Kameelpoort Nek. 
The Enkeldorn Spruit rises on the south of the farm Enkeldornoog, 
and follows on the whole a northerlj course to join Elands River, while 
the source of the Kameel River is on the same farm, about a mile to the 
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east of the head waters of the former spruit. In the first few miles of 
its course it follows tho main direction oí Enkeldorn Spruit, but soon 
after passing the transport road on Kameelpoort Nek, it turns sharply 
towards the north-east, and eventually joins Oliphants River. While 
there is a general fall of the country towards the north, the scenery is 
very variable, owing to the extensive presence of hard felsites. The 
ground between Hartebeest Spruit and Enkeldorn forms a shallow 
geograpHical basin showing mainly red granite, ^nd bounded on the 
north and east by high ground of felsite, but on the south it is limited 
by^a line of finer grained greyish granite, and by some Waterberg Sand- 
stone. To the north-east of the Kameelpoort Nek watershed there is 
another area of low ground again showing red granite, and closed in on 
the north by a striking line of felsite hills; so that, speaking generally, 
wherever there is high ground, felsite crops out, while as the surface 
falls, granite comes in. 

On the whole the scenery is very striking, and from the ranges 
north and south of Kameel River extensive views across the Springbok 
Flats are obtained. If we follow the Kameel River along the main road 
from Kameelpoort Nek to the north-east, our view is bounded on the 
right by a long conspicuous range of granite kopjes, which form a steep 
slope facing northwards, and furnish the watershed for at least ten 
tributary spruits of the main river. Similarly on our left, the .river 
valley is closed in by high ground — this time formed of felsite, which 
slopes much more gently towards the road, and long before reacHíng 
Kameel River gives place to granite. From the crest-line of this northern 
range, a very fine view is obtained across the alluvial flats of the Elands 
River, towards which the ground falls off very steeply. 

The Enkeldorn Spruit, followed northwards, soon leaves the flat 
portion of the granite basin, and from the northern boundary of Enkel- 
dorn begins to run in a well-defined valley ; about 2 miles f urther north, 
this valley becomes very narrow, and as the ground at the same time rises, 
we reach the condition of a deep ravine, associated on either side with 
steep, precipitous and very rocky country, so that all progress, except on 
foot, is stopped. Not only is this particular area interesting on account 
of its striking scenery, but, owing to the continuous, well-marked exposures, 
it affords excellent opportunities for studying the relationship between 
the granite and felsite. 

DESCRIPTION OP THB OEOLOGT. 

Karroo Rocks. — The formations occurring in the area under review 
comprise Karroo grits, red granite, and felsite. Of these the two latter 
form in about equal proportions nearly the whole of the outcrop, the grits 
being quite subsidiary. The rocks belonging to the Karroo System form 
an elongated irregular strip, occurring on either side of the main road 
between Hartebeest and Enkeldorn Spruits, and represent the remnant 
of a deposit which must formerly have been much more extensive, for the 
termination on the south-west is merely due to the fact that the Hartebeest 
Spruit has cut through them, exposing the underlying granite, so that on 
the west of this spruit there appears another outlier of Karroo Beds. 
The formation probably nowhere exceeds twenty feet in thickness ; it is 
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horizontally bedded and composed of inore or less coarse white grits, 
which occasionally assume a pale yellow colour. Pro^onged weathering 
results in the formation of a f airly coarse pale red sand which is often 
intermingled with the reddish granite sand. Hence, in the absence of 
exposures, it is very diflBcult to be certain of the exact extent of these rocks. 

Red Granite. — The red granite belongs to the well-known extensive 
mass of this rock which occupies large areas in the northern and north- 
east portions of the Pretoria district. The nojmal type is a medium to 
very coarse mixture of orthoclase and quartz, of a pronounced red colour ; 
mica is usually .represented by biotite, but it is frequently wanting. 
Where the rock has been long exposed, the rounded forms of weathering 
characteristic of granite are constantly shown. Closer examination shows 
that several variations of this rock occur. Thus a good deal of the rock 
over Sybrands Kraal and Klipspruit is considerably more fine-grained, 
and less red. Sometimes, as near the Albert Silver Mine, this variety 
becomes porphyritic, and distinctly grey in colour; accompanying 
this change is an increase in the amount of mica. Sections of the latter 
variety show a fair amount of dirty green mica, together with quartz and 
large tabular phenocrysts of orthoclase or anorthoclase, which are 
associated with mioroperthitic structure. 

Another variation is shown, where the coarse red type passes into a 
much finer-grained variety of the same colour, but retains the essential 
characters of a gr anite. Thus at Gemsbokspruit, a few miles east of 
Enkeldorn, one finds a somewhat compact type, composed of quartz and 
orthoclase, with a slight granophyric structure. Very frequently the 
common coarse granite contains irregular small patches of finer-grained 
material. Sometimes the latter may form large masses. It is well seen 
among the material pierced by the shafts at Enkeldorn, but it is by no 
means confíned to this locality. The junction between the ooarse and 
fine portions is not sharp, and neither in a hand specimen nor under the 
microscope is it possible to clearly separate the different areas. It will 
be seen further on that this fact of a transition between the coarse and 
fine variations is of some importance in connection with the mode of 
occurrence of the tin-bearing rocks. 

Fehites, — Recent work has shown that felsites form a considerable 
portion of the north-eastern part of the Pretoria district, and as a rule the 
separation of this type from the red granite does not offer any great 
difficulties. 

Even from some distance, a certain amount of contrast between the 
rocks can be seen. The felsite is a much harder rock than the granite, 
and weathers down much less easily, so that nearly all the higher ground 
consists of felsite, which, whenever it rises to hills, presents a kind of 
bedded appearance. It is usually well-jointed, and breaks with a splintery 
fracture, while the rounded forms prevalent in the granite are altogether 
absent. The weathered surface of the felsite is reddish, and of a peculiar 
brick-like tint, which contrasts somewhat with the colour of the granite 
hills when viewed some way off. The texture is fine-grained to compact ; 
this fact, combined with its hardness and uniform character, causes the 
rock to assume smooth gently undulating surfaces, never broken by 



Digitized by 



Google 



50 ÏEANSACTÍONS OF THE GEOLÓGICAL SOOIETY OÏ" SOUTH AFRlOA. 

isolated big blocks of the formation, as is so commonly the oase with the 
granite. Almost invariably such surfaces show only a few inches of soil, 
and do not generally support a rich vegetation. Over considerable areas 
the typical fresh felsite is of a dark dirty green colour with a very slight 
tendency to porphyritio structure. On the farm Kromdraai No. 459, I 
have found the rock to assume a pronounced banded character, while it 
is traversed at the same time by veins of well crystallised hematite. 
Associated with these hematite deposits, occur patches of felsite containing 
fairly pure magnetite, and it is easy to observe that the pure magnetite 
rock gradually, near the margin, becomes more felsitic until it runs into 
the banded hematite-bearing variety. 

thb rblationbhip op thb oranitb and fblsitb. 

The question as to how the red granit« is related to the felsites is one 
of consrderable importance, and cannot yet be regarded as settled. 
Although considerable areas composed of these rocks have now been 
examined, it is very rarely that one finds cases which afford an opportunity 
oí' studying this question clearly, and while it is comparatively easy to 
distinguish between the two types in the field, it is at the same time very 
difficult to fix an accurate boundary line. Under these circumstances, I 
was much interested by meeting with two localities which afford a clear 
proof of the nature of the relationship. 

The first locality is situated close to the north-west beacon of the f arm 
Tweefontein 529, south-east of the transport road through Eameelpoart 
Nek, and very nearly at the summit of the crest line of the range running 
parallel to and on the south side of the Eameel River. All round this 
locality the contrast between the typical compact greenish felsite weaíher- 
ing into a reddish crust up to half an inch in thickness and the coarse 
reddish to greyish granite weathering with rounded forms is very marked, 
and the line of junction can be fixed to within one foot. On ezamining 
this boundary line closely, several instances occur where veins oan be 
seen passing from the granite into the felsite. These veins begin 
in the felsite some twelve to fifteen yards from the granite line, 
and vary from two inches in thickness downwards. As they are 
traced towards the granite they increase in width, until about four 
feet from the line of junction the thickness rises to six inches. They 
pass directly into the granite. On proceeding a few yards into this rock, 
it gradually assumes the characters of typical red granite, while the veins 
traced away from the junction tend to become more acid. I have already 
stated that thís is not an isolated occurrence, but can be seen several times 
round this locality, so that I think one may fairly conclude that at any 
rate as far as this locality is concemed, the granite is intrusive into, and 
therefore younger than the felsite. 

From a second locality, about 11 miles west of the one just described, 
evidence of a similar kind can be obtained regarding the relationship 
between the granite and felsites. The point in question occurs on the left 
side of Enkeldorn Spruit, on the farm Zaagkuilfontein, and S miles 
north of the Bushveld Tin Fields. The igneous rocks are exceedingly 
well exposed, forming a highly dissected surface, over which high kopjes 
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rapidly alternate with deep gullies. At ttíe bottom of one of these gulliea, 
about 2 yards to the north of a little spruit which runs through it — and 
Approximately 400 yards from its junction with the Enkeldorn Spruit — 
granite and felsite are brought into contact along a very sharp line, which 
I traced for about 200 feet. This line of junction is very clear, and may 
easily be covered by a threepenny piece. On the south side of the gulley 
the granite continues without interruption for some 12 miles, while on the 
north side the felsite stretches nearly to Elands River, a distance of at least 
9 niiles. The nature of both rocks is identical with that already described 
on Tweefontein 529. 

From this second occurrence, 1 think, one is again entitled to conclude 
that the granite underlies the felsite with an intrusive relationship. I 
alluded above to the fact that, generally speaking, all over the distríct 
the high ground is composed of felsite, and the lower ground of the red 
granite, and this is just the result we should expect if the granite had 
been intruded into the felsite, forming a kind of underlying sheet. Of 
the two rocks, the felsite weathers much less easily, so it tends to remain, 
while the underlying granite would be more rapidly denuded. I am 
aware that this argument, taken by itself, cannot carry much weight, but 
1 think, taken in conjunction with the independent proof of the intrusive 
relationship, it assumes some significance. 

During the discussion which followed the reading of Mr. Holmes' 
paper at a recent meeting, that gentleman alluded to the fact that he had 
observed a transition between granite and felsite, which indioated a 
gradual passage of the oiie type into the other over a distance of about 4 
miles. Along the Pienaars River, east of Hamans Kraal Station, I have 
myself found very clear instances of such a transition, but here the change 
was complete within 200 yards. Hence it would appear that sometimes 
the relationahip is that ot a sharply-defined intrusion of granite into thc 
felsite, and sometimes that of a gradual passage of one type into tHe other. 
The latter appearance is probably due to the granite showing a marginal 
modification, which gives the granite characters closely resembling those 
of the felsite, thus producing the impression of a gradual transition, 
when in xeality the relationship is still an intrusive one. 

THB BUSHVBLD TIN PIBLDS AND THB OCOURRENCE ON VLAKLAAOTB. 

The locality known as the Bushveld Tin Fields lies on the farm 
Enkeldorn 375, about 40 miles in a straight line north-east of Pretoria. 
Over the greater part of the surface coarse red granite is seen, but in the 
extreme north a small portion of the felsite is included, while there is 
over the north-western area a narrow and very thin strip of the Karroo 
formation covering the granite (see Map, Plate IX.). 

The discovery of tin ore in the prevalent igneous rock was made 
about April, 1904, in the road whích leads from the drift across Enkel- 
dorn Spruit towards the east. This road now passes ríght through the 
mine, and has been shifted to the outside of the fences. The occurrence 
of bodies of tin ore in this district has naturally attracted considerable 
attention, but not much has been done towards recording the mode of 
ocourrence and the related phenomena. Apart from newspaper articles, 
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the first description of these tin fíekls was given in a paper by H. 
Merensky,* which appeared in the South African Mines for 20th August, 
1904. A further reference appears in the same journal for 22nd October, 
1904.t Lastly, there was published another paper by H. Merensky in the 
December number of the ZeiUchrift fiir praktísche Geologie.X 

Over the north-eastern portion of Enkeldorn the red granite forms a 
gentle slope, falling off in a southerly direction towards the spruit, which 
Í8, roughly, about 100 feet below the position of the top of No. 5 Shaft 
North. Outcrops of the igneous rocks are frequent, though not very con- 
tinuous, and generally consist of those large more or less rounded blocks 
characteristic of the mode of weathering of this plutonic rock. Along 
this slope there are a number of workings, some only a few feet in depth, 
others forming shafts, which at the time of my last visit had reached a 
depth of about 60 feet. These shafts are arranged, more or less, along 
a north and south line, which marks what is known as the Main Lode, the 
exact course of which is about 11*^ west of true north. Altogether, there 
are seven shafts, one to the south of the spruit, the others to the north — the 
latter are numbered consecutively from south to north. 

Before proceeding to describe the mode of occurrence of the tin ore, 
it is necessary to examine more closely the nature of the granite as seen 
in the various workings. In certain respects the prevalent rock of 
Enkeldorn resembles that cropping out over considerable areas round 
the tin fíelds, but it differs from it in certain points. Thus the essential 
constituents are again red orthoclase and quartz arranged with a very 
coarse texture, while an examination of hand-specimens alone does not 
reveal the presence of any mica, though here and there microscopic sections 
show traces of this mineral. The tin-bearing granite, however, shows in 
addition, the effects of many secondary changes, which impart to it 
certain striking features. Thus, in many cases the prevalent red colour 
is lost and replaced by a kind of mottled green and red appearance ; this 
again may give way to a more or less uniform greenish grey variety. The 
changes to which these results are due do not appear to have operated 
along very defínite zones, for it is easy to trace a gradual more or less 
irregular passage belween the normal type and the one which has suffered 
from secondary changes. From careful examination of hand-specimejis, 
supported by a close study of a series of microscopic sections, together 
with chemical tests, I am satisfíed that these changes are due to decomposi- 
tion of the original granite by the agency of meteoric waters, with the 
resuH that such subsequent minerals as chlorite, epidote, and pinite have 
been pretty f reely formed. Where this change is seen in its initial stages, 
you have a typical coarse red granite modifíed by specks of green epidote ; 
when deoomposition has proceeded further, the original appearance of the 
orthoclase is entirely lost, the whole rock being of a uniform dark dirty 
green tint. Between these two extremes, every gradation can be traced. 
These results can be seen all over the mine, but are particularly well shown 



• H. Merensky, " Newly discovered Occurrence of Tin Ore in the Transvaal," 
S,A. Mines, vol. ii., p. 612. Johanneshurg. 1904. 

\ S.A, Mines, vol. ii., p. 710. Johannesburg, 1904. 

i H. Merensky, "Neue Zinnerzvorkommen in Transvaal," Z.P.G.y\o\. xii., 
p. 409. Berlin, 1904. 
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in Siiafts Nos. 2, 3, and 6 North. The hydrated alteration produot o£ 
mioa is well shown in No. 2 Shaft North, and is frequentlj accompanied 
by thin irregular Teins of oopper pyrites. 

In manj instances the coarse granite is associated with a fine-grained 
variety, of which very good examples can be gathered at No. 6 and No. 2 
Shafts North. In the paper alluded to above, the author regards these 
portións of fíne-grained granite as representing a later phase of oonsolida- 
tion, granitic magma having come up and consolidated along fissure veins, 
so that the rock with the less coarse texture represents newer granite. It 
ÍB also stated that this newer granite is the ore-carrier. My own observa- 
tions have not led me to this result. I have already alluded above to the 
fact that this association of two g^anitic rocks having a marked contrast 
in texture is by no means confíned to Ënkeldorn, and does not appear to 
follow any defínite direction. Furthermore, it is not clear, that there 
exists a sharp passage from the fine-grained to the coarse variety; som»* 
times this association occurs in both sides of the tin-carxying belt, some- 
times only in one, while in other cases it is altogether absent Microscopic 
sections taken across the junction do not show any definite line of separa- 
tion, as one might expect in the case of a later intrusion, while the fine- 
gráined variety at the same time shows secondary changes, like those of 
the coarse rock. If we imagine the ore to have been introduced along the 
spaces now occupied by the fine-grained granite, then it would be reason- 
able to expect the tin to be more or lees confíned to this variety of the 
rock, yet it is often found that the little veins of cassiterite run right 
across from the fíne into the coarse granite. For these reasons, I have 
some diflSculty in regarding the so-called younger granite as of difiíerent 
age to the coarse granite, nor do I look upon the former variety as 
necessarily the ore-carrier. 

The mode of occurrence of the tin ore can be well studied in No. 5 
Shaft North (see Plate X.), which is situated close to the top of the slope. 
The walls of this shaft show 6 feet to 7 feet of coarse red fairly hard 
granite, which is traversed by a number of divisional planes. The area 
of hard granite shades ofií to the west and east into soft decomposed earthy 
rock, from which a series of vein-like offshoots up to 3 inches in thickness 
pass into and sometimes through the harder portions. The total width 
of tin-bearing ground at the top of this shaft is probably not more than 
12 feet thick, while at the bottom it is probably represented by a 
thickness of 7 feet. In going from east to west one does not appear to 
pass anywhere a rock which differs essentially from a granite, and it is 
difficult to say exactly where the lode begins and ends. At a depth of 
about 50 feet a short cross-cut extends to the east, from which there is a 
drive about 5 feet wide. The drive at the time of my last visit extended 
some 20 feet northwards. The wolls exposed at this point consist of a 
coarse granite, in which runs a number of quartzose veins about 2 inches 
thick, but the tin ore was found across the whole width. Usually it forms 
minute specks scarcely visible to the naked eye, but it also occurs in thin 
string-like veins, which may pass from the ooarse granite to the fine 
variety where this latter type of granite is present. It has been found 
that sometimes the increased proportion of felspar goes hand in hand with 
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an increase of tin. Thus in No. 1 Shaft, south of the spruit, ocours a 
verj rich body of granite, having an almost unifoxm red colour, and com- 
posed almost entirely of orthoclase. The way in which the tin ore occurs 
in minute branching veins is well shown in some of the sections I have 
examined. 

A noteworthy feature in connection with the Bushveld Tin Fields is 
the absence of greisen. This modifícation of common granite, consisting 
of quartz and mica, has in many cases been found to accompany tin-bearing 
veins and lodes, and is very generally present in those localities § where 
the occurrence of the ore is due to the same causes which have produced a 
numUer of minerals containing boron and fluorine — that is, to 
pneumatolytic actíon. Thus in Cornwall the tin lodes are constantly 
assooiated with tourmaline, topaz, fluorspar, lithia mica, and other 
minerals. AU these have, so far, not been found in the neighbourhood, 
and this fact, together with the scarcity or even absence of greisen, 
leaves the question still open as to how far the mode of occurrence at 
Enkeldorn can be compared with that of the best known tin-bearing 
looalities. 

Since the first part of this paper was written the important 
and interesting occurrence of tin ore on Vlaklaagte, a farm situated a 
little nortli-east of Enkeidorn, has been discovered. It is of eHpecial 
interest in conncction with theories relative to the origin of the tin 
deposits of the Bushveld. Nearly the whole of the farm is made up of 
rooks belonging to the red granite type, with the eiception of the extreme 
western portion, which lies within the zone of felsites. 

The extreme richness of the ore, which in parts contains over 40 per 
oent. tin oxide, according to the descriptions recently given by Draper, 
Merensky, and othersJI and the evenness with which the cassiterite is 
distributed, giving the rock a granular appearance, render the occurrence 
in some respects almost unique. 

At first sight it resembles a grey granite, in which the róle of ferro- 
magnesian constituent is played by tin ore, which forms rounded grains 
the size of coarse shot, and consists of good crystals, having the 
characteristic brilliant lustre, so that the rock appears like a true tin 
granite. Whether the rock is a true granite or only the modifícation 
known as greisen, in which felspar is wanting, there can be little doubt 
that it is of true igneous origin and later than the country rock of red 
granite. It very probably represents the result of that form of igneous 
activity known variously under the name of pneumatolytic 11 or f umarolic, 
which has played such an important factor in the typical tin-bearing 
localitíes of Cornwall and elsewhere. We know that the rocks of the 
Bushveld plutonic series, notably the felsite, contain many traces of 

I For a comparative study of the geoloírical features of the best known tin- 
beann^ localities, see A. J. Colíier, **The Tin Deposits of the York Region, Alaska," 
Bull. U.S.G.S., No. 229. Washington, 1904. 

II SeeS.A. Mines, April 8th, 1905. 

ir See Prof. F. H. L. Voírt, ** IJeber die durch Pneumatolytische Processe an 
Granit gebundenen Mineral-Neubildungen," Zeit f. p. Ged., 1894, p. 468. This 
valuable paper containa a critical review of the literature bearing on this type of 
mineralisation published since 1841, 
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fluorine-bearing minerals, which are a normal result of such fumarolic 
gaseous emanations, and in this connection the discovery of topaz, as 
described by Mr. Merenskj, is of importance, as it tends to support the 
igneous origin of the ore-bearing rock, not only on Vlaklaagte, but also 
on Enkeldorn, where the lode is similarly associated with granite, but 
which, taken by itself, does not appear to afford so far any definite proof 
of the pneumatolytic origin of the tin. 

We may therefore conclude that the tin occurrences show indications 
of an igneous origin, due to gaseous emanations, and so far as these go, 
the result is encouraging, for it points to a possible analogy to the mode 
of occurrence in the classical stanniFerous localities in othor parts of the 
world ; if these views are borne out by f urther examination, we may expect 
that these recent discoveries will take their place iu <he industrial 
development of this country. 
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On CeRTAIN RoCKS AsSOCIATED WITH THE NoUITES AND 

Granites of the Central Transvaal (Read Ist May, 1905). 
By H. Kynaston, B.A., F.G.S. 

(Director of the Geological Survey of tlie Transvaal). 

In the course of a trip from Pretoria to the neighbourhood of 
Pietersburg, during the winter months of last year, in company with 
Mr. E. T. Mellor, l was able to make some interesting observations, partly 
in connection with the red granite of the Bushveld, but more particularly 
in connection with the belt of norite, which usually constitutes a 
peripheral zone to that granite. Unïortunately, it was not possible in the 
time available to undertake complete and conclusive investigations, so that 
the following notes can only be regarded as the result of more or less super- 
ficial observations. Since, however, they tend to bring out certain points 
of considerable petrographical interest, it seemed to me that they might 
be of some interest to other students of Transvaal geology. 

We will first of all consider certain modifications of the norite. The 
zone of the norites and allied basic rocks was examined in the neighbour- 
hood of Moordrift, south of Pietpotgietersrust, and again at MThatlele's 
Location, which is situated to the south-east of the Chunie Mountains, and 
on the west side of the Olifants River. 

I. NEIGHBOURHOOD OF MOORDRIFT. 

The conspicuous range of mountains with their steep eastern slopes, 
which constitute such a prominent feature to the west of Moordrift, are 
composed largely of red granite, showing various finer-grained modifica- 
tions and occasional bands of diabase. Passing eastwards from these 
granitic mountains, and crossing the Nyl Vlei, the surface is seen to be 
oovered with a deep-red soil, and occasional outcrops are seen of norites 
and other basic rocks. It is soon evident, however, that this particular 
area is characterised by a great variety of igneous rocks, and we will here 
briefly consider some of the more interesting varieties observed. 
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In the coiirse of a short traverse from the drift on the Nyl Riyer, below 
the store at Moordrift, to about the centre oï the farm Witpoort, a distance 
of not more than five miles, the following varieties of igneous rocks were 
met with, in order of sequence from west to east : — 

1. Norite, in all respects identical to that occurring north of Pretoria. 

2. A grey mediuni-grained rock resembling a diorite. 

3. A massive, dark greenish, fíne-grained rock, with pale green 

patches, and with a pitted or honeycombed aspect on the 
weathered surface — serpentine. 

4. Norite. 

5. A bright red, fine-grained granitic rock. 

6. A dark-greenish medium-grained rock, composed mainlj of 

pyroxene. 

7. Norite. 

The norite occupies the greater proportion of the area traversed, the 
other rocks appearing rather as zones or bands of more limited extent. 
It is certainly interesting to find distinctly acid types, such as No. 5, so 
closely associated with the norite, but it was not possible in the field to 
ascertain their exact relationships to the moxe basic rocks. Further 
south, on the f arm Volspruit, the norite appears to have been considerably 
disturbed, and very similar rocks to No. 3 were met with, which also 
proved on microscopic examination to be serpentines. Among the basio 
rocks surrounding Vaalkop, a short distance to the west, Mr. Mellor also 
observed serpentinous rocks, while on the kopje itself he noted the occur- 
rence of an interesting basic variety consisting essentially of enstatite. 

Under the microscope, No. 2, which has rather a dioritic appearance 
in the hand-specimen, is seen to be a distinctly acid rock of granitic 
affinities, and owing to the large proportion of micropegmatite, may be 
classed as a granophyre. The micropegmatite of this rock is largely 
characterised by an intejgrowth of the quartz with plagioclase, instead of 
the more usual intergrowth with orthoclase. 

No. 3 is seen to consist entirely of serpentine, and closely resembles 
the dark mottled rocks from Volspruit and the neighbourhood of Vaalkop. 
In No. 5 we have again a distinctly acid type, consisting of crystals and 
crystalline groups of plagioclase, surrounded by a micro-granitio 
aggregate, mainly of orthoclase and quartz. The plagioclase phenocrysts 
appear in the hand-specimen as white specks in a red ground mass. 
Epidote is seen here and there in scattered grains and granular groups, 
and a little chlorite is also pxesent. Among the more thoroughly basic 
varieties, rich in pyroxene, No. 6 shows large crystals of diallage, with 
smaller crystals of enstatite, and some pale green hornblende. Some 
plagioclase occurs interstitially, and a deep reddish-brown biotite, 
magnetite, and a very small quantity of quartz, occur as acceesories. The 
pyroxene minerals constitute the greater proportion of the rock, and the 
diallage frequently encloses the enstatite. The rock is intermediate in 
composition between pyroxenite and norite, the presence of a certain pro- 
portion of felspar tending to exclude it from the ultra-basic rocks proper. 

The rock from Vaalkop is medium-grained, and of a somewhat 
brownish olive-green colour. Under the microscope it is seen to be cora- 



Digitized by 



Google 



5S TRANSACTIOÍÍS OF THË GEOLOGICAL SOCIETY OP SOUTH AFRICA. 

posed almost entirely of a uniform granular aggregate of almost colourless 
enstatite, often showing a fine striation between crossed nicols. In places 
an extremely small quantity of interstitial plagioclase may be seen; the 
relative proportion, however, of this mineral to that of the enstatite is 
quite insignificant. The rock is an enstatite-pyroxenite. A somewhat 
similar, but much coarser pyroxenite, was observed later in the year, 
associated with magnetite, on the farm Klipfontein 482, about 15 miles 
north-west of Pretoria. 

Enstatite-pyroxenites have been described from the Central Marico 
district by Henderson,* and from the Lydenburg district by Maskelyne,t 
and are briefly referred to by Molengraaff in his *' Geology of the Trans- 
vaal." l Hatch § also alludes to pyroxenites, associated with the 
norites of the Marico district, and points out that the enstatite-pyroxenite 
Í8 there found over a considerable area. The same author also mentions 
peridotites, partially altered into serpentine, as representing the ultra- 
basic modification of the intrusive magma of that district. Although 
peridotites were not actually observed in the neighbourhood of Moordrift, 
it is quite possible that such may occur, and further, it seems highly pro- 
bable that the serpentine rocks of this area were derived from the altera- 
tion of peridotites or some closely allied variety of rock. An examination 
of the serpentine from near the base of Vaalkop tends to confirm this view. 
The rock shows under the microscope patches of a finely fibrous serpentine, 
surrounded by serpentine showing for the most paxt the mesh structure, 
so typical of that derived from olivine. The fíbrous patches, moreover, 
frequently contain grains of unaltered colourless enstatite, and behave as 
if they had originally constituted pseudo-porphyritic crystals of that 
mineral in a rock consisting largely of olivine. The original unaltered 
rock from which the serpentines were derived was probably therefore an 
enstatite-peridotite. From certain other features in these serpentines 
this parent rock may probably have also contained the variety of olivine 
poor in iron, namely chrysolite, as weli as the normal type. 

Thus, within an area of a few square miles, we have a series of 
igneous rocks ranging from serpentine to an acid granophyre, the pre- 
dominant type being the norite. The more acid types may perhaps be 
regarded as injection veins of a slightly later date, but representing the 
acid modification of the same magma. The close association of these 
extreme types further serves to bring out the relationship in point of 
origin between the norites and the red granite. 

11. m'phatlele's location. 
The northern portion of this location is occupied by sharp and con- 
spicuous ridges of hard quartzite, dipping steeply to the south. These 
apparently belong to the Pretoria Series, since they succeed the dolomite, 
which forms much of the rugged country to the north, and in its tum 
succeeds the Black Reef Series of the Chunie Mountains. 



* Henderson, ** Some Transvaal Gabbros, Norite^ and Pyroxenites," pp. 38-41. 
t Maskelyne, Phil. Mag., vol. vii., 1879, p. 135. 
X Molengraaff, ** Geology of the Transvaal," p. 46. 

§ Hatch, "Geology of the Marico District," Trans. Gcol. Sor. S.A., vol. vii., 
pp. 4-6. 
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Along the southern portion of the location, rocks of the norite type 
occur with a general east and west trend, and are well exposed in a 
characteristic range of rugged kopjes, which appear to be continued on the 
east side of the Olifants River into the northern spurs of the Luluberg, in 
the Lydenburg district. 

An interesting feature of these rocks is that in the south-eastern 
portion of the location they show a distinctly foliated structure. Between 
the quartzite ridges of the Pretoria Series, and the more typical norite, 
however, and a short distance south-east of the store at Naauwpoort, some 
exposures of a rather peculiar rock were met with. It forms small rugged 
kopjes, weathering into irregular slabs, and appears on fracture as a 
dark medium-grained, micaceous, more or less schistose rock, traversed in 
places by narrow granitic veins. 

A thin section under the microscope shows at the first glanoe a 
most perfectly developed foliation, and the rock is seen to be 
composed mainly of biotite, quartz, fibrolite (sillimanite), and cordierite, 
together with a little muscovite, and a few grains of brown tourmaline. 
There is also a mineral closely resembling zoisite. The biotite is present 
in considerable quantity and in moderately large flakes, for the most paxt 
with a similar orientation. Inclusions of small zircons, surrounded by a 
conspicuous pleochroic halo, are exceedingly common. The fibrolite 
(sillimanite) is plentiful, and occurs as fine needles, but mostly 
in brown felt-like aggregates, forming lenticular knots and elongated 
streaks. It frequently tends to wrap round the other constituents, 
and separate them into lenticular areas. It is closely associated with the 
biotite and appears as if partially forraed at its expense. The cordierite 
is fairly plentiful, well preserved, and occurs in patches which often show 
a similar orientation to that of the biotite. Muscovite, tourmaline, and 
apatite, are only present in relatively small proportions. The rock is 
undoubtedly a crystalline schist, and may perha})s be termed a biotite- 
sillimanite-schist. 

No similar .rock, so far as I am aware, has as yet been recorded from 
this or any other locality in South Africa. It is unfortunate that it was 
not possible on this occasion to work out the relationships of this interest- 
ing occurrence. Its apparent association with more or less foliated norites 
may possibly have some significance, and in this connection it is interesting 
to note that Henderson || finds sillimanite, associated with quartz, in a 
** quartz-diallage-norite, in contact with Magaliesberg tuffs." Further, in 
describing the metamorphosed rock in contact with this norite, Henderson 
mentions cordierite, associated with fibrous sillimanite and biotite. 

The somewhat foliated norites which occur at a short distance from 
the above schist, in the south-eastern portion of MThatlele's Location, show 
under the microscope the normal constituents of norite, but with a marked 
tendency to a parallel arrangement, and the commencement of cataclastio 
action Í8 seen in the partial bending and breaking dowri of the felspars. 
THe sillimanite-bearing sehist, however, seems to have yielded in a far 
greater dcgree to intense mechanical strain, which has evidently set up 
re-crystallisation, with the production of secondary minerals, so that the 
character of tHe original rock can no longer be recognised. 

!l Henderson, op. cit.y pp. 36-38. 
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Judging from its oomposition, and from what is known of more or 
less similar rocks in other parts of the world, we may perhaps conclude 
that it was originally a sedimentary rock which has undergone alteration, 
not only of the contact type from tlie adjacent igneous rocks, but also 
dynamic metamorphism, which the norite has evidently partly shared 
with it. 

In any case, the occurrence of a crystalline schist with this peculiar 
position and association is certainly most remarkable, especially in point 
of view of the normal condition of the rooks with which it is here associated, 
and it is to be hoped that opportunity will be found for a more systematic 
investigation of its relations and origin. 

Not 80 very long ago Mr. E. Jorissen 11 described certain crystalline 
schísts with intrusions of granite, from several localities in different parts 
of the Transvaal. Amongst other examples, he mentioned hornblende and 
mica-schists, and amphibolites with bands of magnetite, occupying the 
whole of the farm Malikskraal in the Lydenburg district. Now this 
locality is not more than 12 miles from where the norites become foliated 
on the south-east corner of MThatlele's Location, and from here the zone 
of norites appears to sweep round in a south-easterly direction towards 
Malikskraal. It seems, therefore, not unlikely that the schists mentioned 
from this district by Mr. Jorissen may represent schistose and foliated 
norites and allied basic rocks, belonging to the Bushvcld plutonic series, 
and therefore have no connection whatever with the far older crystalline 
schists associated so frequently with the older granite. A more extended 
examination of the ground wiU show whether this connection can be 
established or not, and should in any case throw more light upon the 
structure of this interesting area and the movements which have evidently 
affected it. 

Before leaving the norites, I would take this opportunity of calling 
attention to an unusual type of rock, which was observed in association 
with the norite belt, about a mile north of Horns Nek, and about 10 miles 
north-west of Pretoria. In this area there is a gradual transition from 
the more typical norite, when traversed towards the Magaliesberg Range, 
into gabbro and diabase, the igneous rock which immediately succeeds the 
Magaliesberg quartzite being identical with that constituting intrusive 
sheets below it. The transition takes place over a distance of about a 
mile, and is mainly characterised by a gradual diminution in the propor- 
tion of rhombic pyroxene, the replacement of pyroxene by hornblende, and 
of the more basic felspars by more acid types, usually associated with more 
or less quartz and interstitial micropegmatite. 

In association with this transition zone to the north of Horns Nek, a 
dark-grey fine-grained rock occurs which shows some striking peculiarities. 
Under the microscope it is seen to be composed largely of fine feathery 
granophyric tufts, wfth a centric arrangement, and apparently consisting 
of intimately inter-grown quartz and felspar. Lying irregularly 
scattered in this material, are small quadratic and hexngonal sections of a 
felspathoid mineral, apparently nepheline, which shows a faint yellowish 



ir E. Jorissen. ** Notes on some intrusive Granites in the Transvaal and Orange 
River Colony, and in Swaziland," Trans. GeoL Soc. S.A., vol. vu., p. 154. 
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colour and a lamellation suggesting a quadruple twinning. The section 
was also examined by Mr. A. L. Hall, who applied the gelatinisation and 
stttining method of testing for nepheline with successful results. A 
strongly pleochroic hypersthene is also present in irregular grains, 
together with small flakes of biotite, some quartz, and probably plagio- 
clase. The mineral composition of this rock is remarkable, in view of the 
unusual association of nepheline with quartz, and so large a proportion of 
micropegmatite ; and it can scarcely be placed appropriately in any of 
the groups of nepheline-bearing rocks so far described, such as phonolites, 
theralites, tinguaites, tephrites, etc. It shows perhaps a certain aflSnity 
to the neplieline (elaeolite) syenites, which are known to occur in connec- 
tion with the same general igneous series with which this rock is associated, 
while the high proportion of micropegmatite allies it to the finer-grained 
varieties of the Bushveld granite; the hypersthene, on the other hand, 
tending to connect it with the norites. This unusual combination, to which 
we may perhaps apply the term nepheline-granophyre, is thus in some 
respects peculiarly representative of some of the characteristic featurea 
of the chief types of the Bushveld Series. 



THE ROCK OF ADRIAANS KOP. 

We will now briefly consider a curious rock which is associated with 
the red granite of the Olifants River Valley. If oue foUows a due 
southerly route from the south-western corner of M'Phatlele's Location, 
one notices a small but conspicuous group of kopjes, known as Adriaans 
Kop, situated on the west side of the Olifants River on the farm Bath- 
fontein. Coarse pink granite is well ezposed in the bed of the river, with 
varied textural modifícations, and in Magalies Location, to the south-east, 
where it forms picturesque groups of kopjes of varied and fantastic form. 
The rock of Adriaans Kop, however, bears at fírst sight such a strong 
resemblance to a coarse-grained quartzite, that one might conclude that the 
hill constituted an isolated mass of quartzite surrounded by the granite. 
A close inspection, however, shows that although there is occasionally an 
appearance of stratification, this feature is uever persistent, and the whole 
mass consists almost entirely of a uniform and homogeneous coarse-grained 
aggregate of quartz, resembling an igneous rock in its general behaviour 
and structure. Coarse red granite is exposed in many places about the 
base of the kop|e, but no actual contact or passage between the two rocks 
can be traced. To the south-west of the main kopje, a smaller conical hiU 
is seen, consisting of a similar quartz rock, the neck between the two hills, 
however, consisting of granite. Certain portions of the rock appear to be 
slightly felspathic, and occasionally the presence of a little muscovite can 
be detected. On the east side of the Olifants River, on the farm Goed- 
verwacht 230, a precisely similar rock is exposed, closely associated with 
the red granite, and covering a somewhat larger area than on the west side. 
Microscopic evidence tends to support the view that the rock is of igneous 
origin, and not a quartzite. At the same time it should be pointed out that 
undoubted quartzites have been observed, possessing very similar litho- 
logical characters. 
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The rock of Adriaans Kop sliows under the microscope a uniform 
aggregate of comparatively large inter-locking grains of quartz, with a 
very small quantity of turbid felspar, a few small grains of a rather 
fibrous, almost colourless amphibole, and a few small scattered flakes of 
muscovite. The presence of topaz is somewhat doubtful; if present, it is 
only in extremely small quantity. The rock from Goedverwacht has pre- 
cisely similar features. The structure in both cases is essentially of an 
igneous type, resembling that of a coarse-grained granite. 

The composition and structure of this rock evidently indicates 
affinities to the greisens, and in this connection it is interesting to recall 
the occurrence of similar rocks, associated with the granite of Balmoral. 
Here, moreover, the connection between the quartz rock and the granite can 
be more satisfactorily demonstrated from exposures showing intermediate 
phases. The Balmoral rocks have been noted by Mr. E. T. Mellor,* and 
also briefly described by Mr. C. Baring Horwood.f The former mentions 
a greisen-like rock as constituting a circular outcrop, a short distance 
from the'main mass of the Balmoral granite. The peripheral portion 
consists almost entirely of coarsely crystalline quartz, with a very small 
amount of white mica, a hand-specimen closely resembling a coarse white 
grit, while the central portion shows a more granitic facies. In another 
outcrop the proportion of white mica indicates a more typical greisen. 
The evidence of these Balmoral exposures certainly tends to confirm the 
view that the rock of Adriaans Kop is of the nature of a greisen. 

* Ann. Rep. Geol. Survey, Transvaal, for 1903, p. 26. 

t C. Baring Horwood, '* The Red Granite of Bahiioral and its relation to the 
Cobalt Lodes," Trans. Gcol. Soc. S.A., vol. vii., 1904, p. 110. 
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NoTE ON SoMB RocK Specimens Exhibited at the Meeting 
OF the Geological Society of South Afuica in 
February, 1905 (Read 19th June, 1905). 

By G. A. F. Molengraaff. 

, Mr. C. D. LeslÍQ, who has trayelled for some months in the Lydenburg 
district, brought a very interesting collection of rocks from there, and by 
hÍ8 courtesy I am now in a position to give a short note on some of his 
specimens which were exhibited to this Society on 20th February, 1905. 

I. — CROOIDOLITE. 

This mineral occurs interbedded between layers of the Lower 
Pretoria Beds on the farms Jobskop No. 589 and Riverside No. 578. 
These layers consist of highly ferruginous quartzitic sandstone, and the 
crocidolite fibres have their usual position, namely, with their axea 
perpendicular to the pianes of stratifíoation. 

The crocidolite is of the variety known as * ' tiger eye," and is in 
reality a crocidolite aitered by the oxidation of the iron constituent of 
the mineral, accompanied by the infíltration of silica. 

The ferruginous quartzites in which the crocidolite is found belong 
to the Lower Pretoria Beds, and iie not far above the Dolomite. Thís is 
the same horizon in which are found at other places — as, for instance, on 
Koffyspruit No. 541, in the Pretoria district, and in the country west of 
Buiskop, near to the confluence of the Aapies and Crocodiie rivers — highly 
ferruginous banded quartzites which resemble much the Hospital Hill 
Slates of the Witwatersrand Beds, and have sometimes been mistaken for 
them. 

The discovery of crocidolite in the Pretoria Beds is interesting, not 
only because it is the fírst time that the existence of this mineral in the 
Transvaal has been recorded, but especially because it constitutes an 
additional proof of the correctness of the theory that the Pretoria Beds 
may be correlated with the so-called '* Jasper Beds " of Griqualand West, 
which last overlie the Dolomite of the Campbell Rand. This theory was, 
I think rightly, advanced by Mr. David Draper some ten years ago, long 
before the existence of highly ferruginous banded quartzites in the 
Pretoria Beds of the Transvaal had been recorded. 
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II. — ANDALUSITB-MI0A-8CHIBT. 

Macroscopic Appearance. — A clearly-knotted schistose rock with silky 
lustre. The fine-grained portions of the rock consist of quartz, muscovite, 
biotite, and some tourmaline. In it occur large flakes of biotite and 
muscovit^, but the knots are formed by iarger crystals of andalusite. 

Appearance under the Microscope, — Typical contact structure; the 
grains of quartz being disseminated equally among the larger crystals of 
biotite, muscoTÍte and andalusite, and in the small-grained portions of the 
rock generally. The andalusite is perfectly fresh, and occurs in fairly 
large crystals up to about four millimetres in length. Biotite and 
muscovite are frequently intergrown with parallel cleavage planes. 

This andalusite-mica-schist is doubtless a shaly or slaty rock highly 
altered by contact-metamorphism. It forms a layer in the Pretoria Beds 
a good distance below the contact with the norites, but it is immediately 
overlain by a thick intrusive sheet which is intercalated in the 
Pretoria Beds. This intrusive sheet is formed by a peculiar kind of 
felsite-porphyry. Felspar, quartz, bibtite, chlorite (not as a product of 
decomposition) and apatite occur in it as phenocrysts. The ground mass 
consists almost entirely of quartz and felspar, showing micropegmatitic 
structure. 

This rock is found on the farms Jobskop No. 589, Roodekrans No. 
590, and Stellenbosch No. 627. 

III. — ANDALUSITE-HORNFELS. 

Fine-grained, dark-coioured, not cleariy schistose rock. This fíne- 
grained rock is composed of minute crystals of quartz, muscovite, and 
biotite, and in it are disseminated large crystals of andalusite, not 
infrequently two centimetres long. 

This rock occurs on Jobskop No. 589 in the same horizon as the 
andalusite-mica-schist 

IV. — ANDALUSITB ROCK FROM THB FARM OE PAARL NO. 628. 

This rock occurs in the Upper Pretoria Beds, not very far from the 
contact with the norites. 

It is perfectly crystalline, and consists of quartz, biotite and andalusite 
in about equal proportions, and some magnetite. It has a typical contact- 
metamorphic structure, and is undoubtedly a sedimentary rock completely 
altered by contact-metamorphism. 

The occurrence in the Lydenburg district of these rocks of the 
Pretoria Series, highly altered by contact-metamorphism, is of great 
interest, because it proves that the Pretoria Beds have been altered in a 
similar manner all round the plutonic series of the Bushveld. 

From this same area Mr. Leslie brought a very interesting oollection 
of rocks from the norite zone, pure pyroxenites being well represented. 
Furthermore, the collection contains a fine series of all shades of norite, 
varying from melanocrates approaching to pyroxenites, to leucocrates 
composed almost entirely of felspar. 
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Interbedded with, or close to, tue norites, quite acid, micropegniatitic 
rooks often occur, which fact points to the enormous segregation that has 
taken place in the igneous mass. 

Very interesting are the schistose varieties of amphibole-norite, often 
much resembling amphibolites. They give ovidence of a schistosity at 
the bottom of the intrusiye mass (laccolite) due to pressure. 

At Zeerust, and from there eastwards as far as the Crocodile RÍTer, 
knoited chiastolite-schists are known to ocour among the slate beds of the 
Pretoria Series, those at Zeerust being particularly fine. Not far from 
Kromdraai No. 422, west of Middelburg, there occur in the Pretoria Beds 
slates altered into hornfels, and containing twins of staurolite and large 
prisms of pink andalusite, while near PietrPotgieter*s Rust marls of the 
Upper Pretoria Beds not far from the norite are altered into crystalline 
limestones fuU of garnet (grossular). 

Thifl tends to prove that all these. phenomena of intense contact- 
metamorphism have a common cause, and I believe that that cause should 
be souglit for in the big intrusive maas of the Bushveld Plutonic Series, 
which has been forced through, and now overlies the Pretoria Series. 
Later research will, of course, elucidate how far the intrusive sheets which 
are so much in evidence in the Prctoria Beds have contributed to these 
phenomena of contact-metamorphism. 
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NoTEs ON THE Geology of the Lydenbuug Gold Fields 
(Read 19th June, 1905). 

By I. Thord-Gray. 

(Cotninanicated by pemiission of tlie Ck)mmÍ8sioner of Mines.) 
[Plates XL and XII.] 

INTRODUOTION. 

JudgÍDg from the Trausactions of the Geologioal Society, and froni 
tlie publications of the Geological Suryey Department of the TransTaal, it 
wouid appear that the Lydenburg district has scarcely received its 
legitimate share of attentiou, which is the reason which has influenced 
me in submitting the foUowiug notes for your consideration. I propose 
gÍTÍng a bird's-eye view of the district rather than a detailed lithological 
account of the xocks which occur there, and in order to make my paper 
easier to follow, I have appended a geological sketch map and a section. 
The sketch map is not quite complete, but as I see no likelihood of being 
able to TÍsit certaiu portions of the district at an early date, I have 
thought it best to present the map in its present state. 

The Lydenburg district has to contend with many drawbacks, but 
neyertheless I consider that its prospects are more hopeful than is often- 
times acknowledged. It is notable that fínancial houses, both at Home 
and in this country, ackuowledge the fact by taking up farms in the 
district, aud sticking tightly to their old holdings. I feel that it is a 
duty of our Society not only to endeavour as far as possible to promote 
geological research, but also to assist as far as lies in its power in 
furthering the proper prospecting of all parts of the country. 

The Lydenburg Gold Fields, now also known as the ** Proclaimed 
area of the Mining District of Pilgrim's Rest,*' have an approximate area 
of 2,000 square miles, beiug a portion of the 17,500 square miles 
(approximate) forming the Miuing District of Pilgrim's Rest, whioh is 
the same as the old district of Lydenburg. The town of Pilgrim's Rest 
is the centre of the mining area. It is situate 38 miles north-east of 
Lydenburg, and 86 miles by coach road from the Machadodorp Railway 
Station. 
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The proclaimed fíeld is geologically made up of the conformable beds 
of the Pretoria Series, the Dolomite, and the Black Reef Series, under 
which we fínd a series which Dr. Molengraafií refers to as an unrecognised 
formation, and concerning which he has already contributed a preliminary 
note to the Society. Below this are the schists (Barberton and Swaziland) 
belonging to the so-called South Af rioan Primary Formation, with granite. 
The schists are separated from the íormation aboye and from one another 
by unconformities. Some 15 miles outside the west boundary of the area 
the Pretoria Series are unconformably covered by coal measures, probably 
an outlier of the Karroo System. On the Ohrigstad town lands is a 
peculiar looking breccia ; it has a dark green matrix, and looks much as 
if it were of igneous origin. Below this is found a conglomerate of a 
coarse nature, and I am much inclined to class these rocks as belonging 
to the Earroo System, and as such the conglomerate and breccia, induding 
beds of sandstone and shale, haye been marked on the map. AU the 
formations are intersected with intrusiye diabase. 

Denudation has played a yery actiye part in the district, and to this 
we are indebted for the beautiful and magnifícent earth sculpture 
exhibited by the numerous yalleys and gorges. Most of the riyers haye 
their origin at Mount Anderson. This fíne mountain, which has an 
altitude of 8,650 feet, is the chief and neyer-failing water supplier to 
the district 

Before continuing further, I would like to mention that I haye used 
Major Jackson's Series of Maps for the rough geological suryey sketched 
on the diagram attached to this paper. The maps, although excellent as 
general guides to the country, are not accurate enougE in topographical 
details for geological sketching, and I frequently found it difficult in the 
time at my disposal to adapt the geological lines to the features of the 
country, as they are giyen on the maps. 

I should like to mention for the benefít of any who contemplate 
yisiting the Lydenburg district that it is best to do so during the winter 
months from April to October. The weather is then all that can be 
desired, and the atmosphere wonderfully cool and clear. In the summer 
time fogs and heayy rains are preyalent, and trayelling is arduous for 
man and beast. 

AU altitudes given are aneroid-barometer readings. 

As I have only a limited knowledge of the South African Primary 
System, and of the Karroo System, these notes wiU be chiefly confined to 
the other series of rocks which occur in the area under consideration. 
The various series wiU be described iu ascending order, the subject 
matter of the paper being dealt with under the foUowing heads : — 

South African Primary System. 

Black Heef Series. 

Dolomite Series. 

Pretoria Series. 

Lower Karroo Series. 

Intrusive Rocks. 

Origin of the Reefs. 
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SOUTH AFRICAN PRIMART SYSTBM. 

The South Africau Primary Systein in this district is, us far as I 
kuow, identical with the sauie formatiou as it occurs in other parts of the 
Transvaal, and especially in the neighbourhood of Barberton and 
Swaziland. 

The Witwatersraud Beds, which are recognised as the upper dÍTÍsion 
of this series, are either nou-existent here, or else are deyeloped in a 
mauner difiíerent to that in which they usually occur. My own observa- 
tions tend to confirm the view expressed by other writers that they do 
not occur at all. 

The rocks of this formation are almost invariably steeply tilted, 
folded and contorted. They consist of chloritic-schists, mica-schists, and 
other schists; quartzite, sandstone, shale, slate aud grauites also occur. 
At first sight, it appears likely that the granites were intrusive in 
the sedimentary rocks, thus causing coutact-metamorphism, which would 
account for the alterations in the schists. This view is, however, doubtful. 
That the crystalline schists are alterations formed by dyuamical action on 
the granite is more probable. True granite is seldom found, the granitoid 
rooks being priucipally porphyritic-grauulite, granulite, protogiue, and a 
few other varieties, which, with the schists, form the vast stretch of country 
known as the Low Veld, and exteuding down to the great eastern fault of 
the Lebombo. Certaiu coal measures rouud about Komati form an 
exceptiou to this geological scheme. Numerous intrusive rocks priuci- 
pally of a doleritic nature are frequently fouud, and geuerally form the 
little kopjes aud ridges so charact^ristic of the Low Veld. 

I have seeu comparatively little of this formatiou, considering the 
tremendous area it covers, but I would like to draw atteutiou to the way 
in which the basic rocks of the Low Veld retain their positiou as compared 
with the rapidly deuudiug beds of the overlying formations. One would 
think that the traces of sulphuric acid brought down by the denuding 
ageucies from higher levels would unite with the iron, lime, alumina, etc, 
of the granitoid rocks below, and thus cause a rapid denudation of the 
latter rocks, but this is not what actually occurs. 

No auriferous deposits have yet beeu worked in this formatiou. 
Prospectors do sometimes briug fables of great and rich ore deposits, but 
no mining work has so far been doue. For an excelleut and detailed 
descriptiou of the formation, oue could do no better than look up the 
" Observations on tíie Geology of the Sabie Valley,'' by Wilson Moore, read 
before the Society in October, 1896. 

BLACK REEF SERIES. 

The Black Reef Series of the Central, Southeru, aud the Western 
Transvaal is sometimes considered as being equivalent to the Table 
Mountaiu Saudstoue of the Cape aud Natal, the Kantoor Sandstone of the 
Barberton district, and the Drakeusberg Sandstone of Lydenburg. It 
forms the lowest division of the Cape System, or Transvaal System, as it 
has been more recently designated by Dr. G. A. F. Molengraaff in his paper, 
*' Geologie de la République Sud Africaine." The mauy different names 
of this series, such as the Drakensberg Sandstone of Lydenburg, etc.^ 
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should, I think, be abolished, and the well-known name, * * Black Reef 
Series,'' ought to be accepted as the designation of the lowest dÍYÍsion of 
the Transvaal System. 

The Black Reef Series lies conformably below the Dolomite, and was 
deposited unconformably upon the schists of the South African Primary 
System. It forms the fine range of mountains towering above the low 
country. In places, these mountains have almost perpendicular faces of 
over 1,800 feet, dropping down into the dense bush of the Low Veld. 

The Series is composed of quartzite, coarse grey and hard sandstone, 
hard sandy shale, and conglomerate. The conglomerates near the base of 
Ihe series (see section of borehole on farm Lisbon given at the end of 
this paper), which somewhat resemble the Dwyka Conglomerate, are pro- 
bably, I should say, the same as those which Dr. Molengraaff has mentioned 
as being a new formation not yet classified in his *' Preliminary note on a 
hitherto unrecognised formation underlying the Black Reef Series," read 
before this Society on the 14th September, 1903. The unconformablo 
position of this new formation in relation to the Black Reef Series I have 
not yet been able to trace. To do so will, as a matter of fact, be difficult, 
because the outcrops occur in the unhealthy and almost inaccessible 
foothills of the Drakensberg Range. 

The thickness of the Black Reef Series yaries to some extent. South 
near the railway and going north to the Glynn's Lydenburg Mine, on 
farm Grootfontein 1327, the average thickness of the formation is about 
200 feet. Further north, the series increases rapidly in thickness, so that 
east and north of Pilgrim's Rest the average would be about 1,800 feet. 
The series has a general line of strike north and south, dipping from 4 
to 10 degrees west. The line bf strike alters towards the north, turning 
gradually into a north-westerly direction. At the same time the dip 
somewhat abruptly changes. On the farm Nooitgedacht 1353, by the 
Olifants River, the beds are in places tilted almost vertically. Igneous 
intrusions are not very plentif ul ; in the borehole on the farm Lisbon, for 
instance, only one sheet of diorite was struck, 110 feet below the top of 
the series. It was 60 feet in thickness. 

Among the numerous auriferous leaders in this formation the one 
known as the ** Sunlight Reef " appears to be the most permanent, so far 
as prospecting has shown. An extension of this reef is found south through 
Sabie Hoek and Rietfontein, otherwise no really permanent reef hus 
yet been found, but very rich leaders occur. Among others is the reef on 
Government farm Op de Berg 42. This reef is easily located in the old 
workings above the former site of the Native Commissioner's house on Op 
de Berg. It lies about 300 feet below thB top of the series, imbedded in 
soft reddish and brown shale, highly decomposed ín places. The reef is 
composed sometimes of concretionary limonite, but principally of impure 
varieties of quartz, oxide of iron pseudomorphic after quartz, and sandy 
shales. The thickness is very irregular, varying from a line to 14 inches, 
but the reef is extremely rich in gold. An extension of this leader was 
worked some years ago by Mr. Carr, who is stiU residing on the farm. The 
leader was only 3 inches to 5 inches thick, but it has assayed as high as 
500 oz. to the ton. Sometimes nuggets weighing pounds wére found in the 
reef. 
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At the end of these notes is a copy of a borehole through a portlon 
of the series, sunk on farm Lisbon down to a depth of 1,100 feet, by the 
Lisbon Berlyn, Limited, in 1897-1898. I feel much obliged to Mr. J. W. 
Anderson, the Manager, and the Board of Directors of the Lisbon Berlyn, 
Limited, for giving me this copy of the only borehole through the Black 
Reef Series of the Lydenburg district. At the same time, I wiU also 
express my thanks to the same Manager and Board of Directors for the 
copy of the borehole through a portion of the Dolomite on farm Groot- 
fontein 217, which is also printed at the end of these notes. 

DOLOMITB SBRIBS. 

This Series lies conformably upon the Black Reef Series, and is 
covered conformably by the Pretoria Beds. It has a general dip from 4 
to 10 degrees west, and a general line of strike north and south, 
which at Elandsfontein 167 gradually turns into a north-westerly 
direction. At the same time, the dip of the strata somewhat changes, 
being in places almost 15 degrees to the south-west. Further north, the 
Black Reef Series, as previously described, has occasionally a tilted poRÍ- 
tion. Thus at íirst sight it appears that the Dolomite was deposited 
unconformably upon the Black Reef Series, which is, of course, not the 
case. 

Here, as elsewhere in the Transvaal, the Dolomite is that typical 
bluish-grey and blue-black dolomitic-limestone, in wbich occur bands of 
chert. The chert appears in comparatively thin bands, sometimes ripple- 
marked and nodulous, and always interstratifíed conformably with the 
planes of stratification of the Dolomite. Although very rarely, it some- 
times happens that the chert bands exceed in thickness the rocks in which 
they are imbedded. Their more siliceous composition offers greater 
resistance to the destructive effects of atmospheric and fluviatile agencies 
than is afforded by the dolomite, and ribs projecting from the rocks are' 
in consequence formed. These ribs give a characteristic appearance to 
the formation. Thus also the Dolomite is undoubtedly saved from the 
complete destruction which it would otherwise suffer from the forces of 
denudation. The chert bands are more frequent in the upper Dolomite, 
but they are also found through the whole formation. The beds of 
Dolomite are thicker and more distinct at or about the centre of the 
Series, and also near the base when the base is not hidden ïrom view by 
the chert quartzite debris. Quartzite debris from the Pretoria Series is 
often found near and at the foot of the Dolomite Series. 

The thickness of the Dolomite Series at several points is as follows : — 

At Crocodile River "... ... ... 500 feet 

„ Grootfontein 1327, *'Sabie" ... ... 1,000 „ 

„ Pilgrim's Rest ... ... ... 1,800 „ 

„ Elandsfontein 167 ... ... ... 3,000 „ 

Thus it has its greatest development in the district round Elands- 
fontein 167. Going south from Pilgrim's Rest it gets thinner and 
thinner towards the railway, and it is notable that the thickness of the 
Black Reef Series also decreáses in the same direction. 
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On the top of, and conformable with the Dolomite, we find a chert 
breccia-conglomerate outcropping throughout the district. It is 
undoubtedly an addition of some importance to the Series, and taken in 
conjunction with the ripple-marked dolomite which is sometimes found, 
as well as with the chert bands previously mentioned, it affords sufficient 
evidence that the Dolomite was deposited in shallow, rather than deep, 
waters, and cannot theref ore be a * * high sea " deposit, as maintained by 
Professor Jules Gardener in his ** Gold and Diamonds in the Transvaal 
arid the Cape '* : a paper read before ** La Societe des Ingenieurs Civils 
de France " in 1896. The breccia-conglomerate varies from 4 feet to 15 
feet in thickness. It is a conglomerate in the northern portion of the area, 
but about the centre and towards the south it assumes the character of a 
breccia. The pebbles in the northern development are larger than those 
further south, and are almost invariably fragments of chert, generally 
but slightly rounded. The larger ones have a somewhat oblong shape, and 
they vary in size up to 12 inches in their longest diameter. Pebbles are 
often seen 12 inches long, and only 2 inches across the thickest part. 
The water-worn pebbles are frequently associated, especially in the 
southern portion, with perfectly angular and sharp-cornered small frag- 
ments of the same rock. The whole is cemented together by a dark-reddish 
brown, sometimes yellow brown, coarse and very hard quartzitic matríi. 
In some places this matrix has a soft French-grey colour. 

The division between the Dolomite and the Pretoria Series is fairly 
easily traced by means of this conglomerate. Dolomite is never seen 
above it. Immediately below there are generally beds of ílagstones 
separating it from the Dolomite. As a rule, they do not exceed 8 feet or 
10 feet in Ihickness. Large quantities of debris from the conglomerate are 
found, sometimes a thousand feet and more below its original position. 
The most prominent locality is the one on Vaalhoek 1451, and Hermans- 
burg 1035, and on the Government ground between these farms. It 
appears like a tremendous well-deposited float, covering the gentle slope. 
down to the Blyde river. I have on the map marked a portion of this as 
alluvium, the ground under the conglomerate and quartzite in many 
plaoes carrying gold, probably derived from the Theta Reef. 

Thin beds of clay-slate, f rom 6 inches to 2 feet in thickness, are found 
interbedded in the Dolomite. Good sections of this rock are exposed in 
the 80-caIIed '* Wet Caves," two miles east of Pilgrim's Rest. They 
generally form the chief support in the roofs of the mysterious-looking 
passages and grottoes. I might also mention here the beautiful and 
magnificent " Dry Caves," which are situated some ten minutes' walk 
east of the '* Wet Caves." The stalactites and stalagmites in these grottoes 
display the most fantastic shapes. These caves have an added interest 
from the fact that on them Rider-Haggard founded his well-known tale, 
*' She." 

Intrusive dykes and sheets of diabase are very frequent in the 
Dolomite of this district, although they are very rare in the same forma- 
tion in other parts of the Colony. The breccia-conglomerato on the top 
of the series is almost invariably separated from the Dolomite by an 
intrusive sheet of diabase, varying from 5 feet to 175 feet in thicknegs, 
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The remnants of this sheet are always found in the alluyium of the old 
diggings of Pilgrim's Creek, RoBshill and Spitzkop. The preoious metal 
is sometimes found in nuggets, frequently imbedded in the decomposed 
diabase, mixed with an earthy manganif erous rock ; the latter also being a 
portion of the alluvium brought down from higher levels. It is remark- 
able that in some parts of the Pilgrim's Creek there oocurs a soft earthy 
manganiferous deposit as a bed rock, below which the diggers rarely work. 

Near the top of the Dolomite asbestos oocurs in many places. It is 
generally too short to be of any commercial value, although a specimen 
in my possession has the appearance of the best asbestos of commerce, the 
fíbres being 2 inches to 3 inches long. No notice whatsoever has been 
taken up to the present of this interesting and valuable mineral, and 
consequently very little is known about the extent of its occurrence. 
Practically on the line of contact of the Dolomite and Pretoria Series, we 
find on Frankfort 456 what appears to be serpentine with thin seams of 
chrysotile. 

There was brought to my notice some little time back a seam of 
carboniferous clay in the Clewer Mine, l^ feet in thickness. It was 
deposited on the top of the Theta Reef. I have as yet not investigated it, 
but wiU, I hope, be able to give the Society a description of it at some 
future date. 

Some of the Auriferoui Depositi, — Among the numerous auriferous 
beds oocurring in the Dolomite Series, the ** Theta Reef " is undoubtedly 
the most important. It is situate from nothing to 175 feet below 
ihe breccia-conglomerate previously described. This reef is worked 
by the Transvaal Gold Mining Estates, Limited, on the farms 
Ponieskrantz 1351, Driekop 1310, and Desire 563; the workings on the 
three farms being known as the *'Jubilee Mine." The ** Clewer Reef" 
on Morgenzon 1487, ** Peach Tree Creek Reef " on Peach Tree 568, and on 
the west portion of Ponieskrantz 1351, also the reef above the one now 
worked in the Chi Mine on Grootfontein ^17, have all the same geological 
horizon as that of the '* Theta Reef " in the Jubilee Mine. 

If caref ully looked for, the Theta Reef can be traced north and south 
of Pilgrim's Rest for many miles. In the north it runs through all the 
Government proclaimed ground and through the private farms just west 
of the Blyde river. On reaching the farm Bodashoop 1154 it is necessary, 
of course, to take a more north-north-westerly direction, leaving the river 
in its course north, in order to follow up the outcrop of the formation. 
The Lisbon Berlyn, Limited, have the Theta Reef on the farm Frankfort 
456, and of the three gold-bearing deposits on the mynpacht it is their 
principal and most reliable reef. 

Among the many varieties of rocks and minerals of which this reef 
is constituted, we fínd the following : Pure white quartz, milky quarts, 
honey-comb quartz (with a very minutely fíbrous structure, of which some 
specimens when cut en cábochen ezhibit that peculiar opalescent play of 
light typical of the so-called '*Cat's-eye Quartz "), chalcedony, manganese 
oxide, and malachite sometimes stalactitic and stalagmitic, also granular 
and earthy. The malachite has undoubtedly been brought into the reef by 
the percolation of water through copper-bearin^ rocHs and the subsequent 
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deposition of the dissolyed oarbonate in fissures and cayities. Azurite 
and cuprite are also often found. The oxide of copper generally occurs 
in an earthy form, with the carbonates in the cayities of the reef. With 
and round the quartz a peculiar botrjoidal yariety of limonite is some- 
times found, the Burface of which has a lustre yarying from dull-brown 
to a beautiful turquoise-blue or bright gold. At fírst sight, it might 
easily be taken for an impure botryoidal chrysocolla. The reef is almost 
inyariably associated with chert bands, which in places are entirely 
decomposed and altered to a soft and sometimes pulpy opal. 

The '' Chi Reef " is worked in the Chi Mine on Grootfontein 217 by 
the Transyaal Gold Mining Estates, Limited, and has proyed itself to be 
of great commercial yalue. This deposit is worked in only one other 
plaoe, yiz., by Mr. Randolph on the eastern extension on the same farm, 
adjoining the Goyernment farm Desire 563. The Chi Reef occurs 
8ome 200 feet below the Theta Reef . Its composition resembles to a certain 
extent that of the latter, but it difiíers greatly f rom the Theta Reef f rom a 
mining point of yiew. The roof and floor of the Theta Reef being almost 
always fírm, the reef is ezcellent and pleasant to mine, whilst on the 
contrary, the Chi Reef is most erratic and dislocated in its course, and 
the difficulty of mining is increased by a soft and broken roof. 

The '' Middle Reef " is found about 50 to 100 feet aboye the bed of 
sandstone deposited in or about the centre of the Dolomite. It has been 
yery little deyeloped. The few cuttings made have ezposed very good and 
promising-looking ore, made up of quartz, ozide of iron, and other 
minerals. This reef has not been prospected for some years. 

The '' Glynn's liydenburg Reef " oocurs near the base of the Dolomite, 
approximately 1,500 feet below the Theta Reef. It is best seen on the 
farm Grootfontein 1327, on which the reef was originally discovered. A 
sure guïde for the finding of it is the so-called ** Upper Sandstone," 
which is a bed in the Dolomite from two feet to three feet in thickness, 
some 300 feet above the base of the series, and outcropping throughout 
the farm. The base rock is the quartzitio sandstone of the Black Reef 
Series, locally called the ** Lower Sandstone." The Glynn's Lydenburg 
Reef is found from 5 feet to 20 feet below the Upper Sandstone. On 
the farms Lisbon 9, Ledophini 457, London 1220, Rietfontein 198, and 
Rietvallei 519, this reef has also been located. It must occur on many 
other farms, but they have not been prospected, and the reef has not even 
been looked for. It is composed of quartz, chalcedony, plasma and agate, 
sometimes limonite and hematite are found, and also chert and manganese 
oxide. The whole has somewhat the appearance of the Theta Reef, with 
the exception that the reef itself and the adjoining rocks are, as a rule, 
more decomposed than in the case of the Theta Reef , but nevertheless the 
walls are good for mining purposes. 

The reef on Uitspan G.G. and Buffelsfontein 1218 is well worth 
mentioning, although it would by many competent men not acquainted 
with the peculiarities of the district be passed unnoticed. This reef 
occurs in the upper portion of the Dolomite, in or about the position of 
the Theta Reef, and consists principally of hematite, some of which is 
very compact, whilst other parts appear to the naked eye very much like 
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volcanic ash, but a strong lens discloses the fact that they are nothing else 
than hematite with an extraordinarily íine cellular structure. This is best 
seen in t£e prospecting drive by the *'nek" a few yards north of the 
footpath between Buffelsfontein 1218 and Bodashoop 1154. Honey-comb 
quartz and also quartz and chalcedony in impure varieties are found. 
In places, the Dolomite adjoining the reef shows patches and stringers 
of calcite. 

Altogether, from 90 to 100 miles of outcrops of the various reefs can 
be traced in the Dolomite Formation. Most of these hav^ never been 
prospected, nor is it likely that they will be opened up before cheaper 
transport is obtainable. 

PRETORIA SERIES. 

The Pretoria Series rests conformably upon the Dolomite. It forms 
in this area the predominant country rock, and occupies practically two- 
thirds of the proclaimed fieid. It is principaliy made up of shale, 
ílagstone, slate and quartzite, with intrusive diabase. The formation has a 
general north and south strike, which at Elandsfontein 167 takes a north- 
westerly direction; the angle of dip varies from 4 degrees to 10 degrees. 
Argillaceous rocks predominate in this series. Sometimes good sections 
are found, at other times decomposition has resulted in the outcrops being 
converted into soil. On and near the contacts with the interbedded 
intrusive sheets of diabase these rocks occasionally show fairly distinct 
signs of being baked. On the Government farm just south of Frankfort 
456, as well as on that farm itself, a true slate from 20 feet to 40 feet in 
thickness occurs near the base of the series. With its perfect cleavage 
and silky texture it is equal to Ënglish slate, and might in time be of 
some commercial value. Among other minerals in the shales are the 
frequent rouud iron pyritic concretions about a quarter of an inch 
diameter. They are seen in the bed of shale on which the south-east 
beacon of Kaspersnek 1183 is built. On the hiU opposite on Kaspersnek 
it is notable that the concretions which occur are all angular. 

A highly interesting and most unusual occurrence in the lower beds 
of the Pretoria Series is that of a bed two feet thick of carboniferous shale. 
It is interstratified with layers of iron pyrites and quartz from a mere 
line to a quarter of an inch in thickness. This bed is found 40 feet above 
the bottom of the formation, and just overlying the Bevet Reef in the 
eastern section of the mynpacht on Frankfort 456. It does not apparently 
extend very much over 20 feet or 30 feet across, but it has been proved 
to run along the strike of the formation for several hundred feet, and 
may cover a larger area than that as yet explored. 

Lying conformably with and between the shales frequent layers of a 
whitish-pink quartzite are found, whicE owing to their weathered sur- 
faces have sometimes the appearance of ordinary sandstone, and are often 
mistaken for such. The most prominent of these beds is the one forming 
the continuous chain of rocks and precipices which crown the first 
mountaín ridge west of Pilgrim's Rest, Sabie and Frankfort. The 
eastern limit in this district of the Pretoria Beds is easily traced by this 
ridge. The above quartzite is, I think, equivalent to that of the Timeball 
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Hange. It is the lower or Timeball quartzite mentioned by Mr. A. L. 
Hall in the Report of the Geological Survey of the Transvaal for 1903, 
page 41. The lowest bed of this rock is a rather fine-grained bluish 
quartzite, 4 feet to 8 feet thick, occurring 35 feet to 40 feet above the base 
of the series. It forms the footwall to the Bevet Reef. The quartzites, 
like the shales, are frequently ripple-marked, and also show slight signs 
of being baked on the contacts with intrusive rocks. 

Some of the Auriferous Deposits — Among the auriferous deposits in 
this series we find some of no mean commercial importance, but up to the 
present only a small amount of work has been done on them. In a few 
years, after a railway has been made, no doubt a considerable number of 
new mines wiU be working, and even although they may not run mills of 
as many stamps as are usual on the Rand, they will afford excellent oppor- 
tunities to smaller batteries of from 5 stamps to 25 stamps. 

The ** Beret Reef " on Frankfort 456 occurs about 40 feet from the 
bottom of the series. It is worked by the Lisbon Berlyn, Limited. The 
reef is made up of many varieties of impure quartz, quartz, chalcedony, 
sandy shale and fragments of a hornblendic schist. This latter rock is also 
found in places below the reef. Sometimes iron and copper pyrites occur. 
They are almost invariably associated with gold, running ounces to the 
ton of ore. The reef averages about 20 inches in thickness. The ' ' Shale 
Reef," on the same farm, is situate some 30 feet above the Bevet Reef, 
and can be traced for about 10 miles along the formation. This and the 
Bevet Reef also outcrop on Doornhoek 450 east of the Ohrigstad town 
lands. 

On the farms Nooitgedacht 945, Finsbury 621, and Goedverwacht 660, 
some 15 miles east of Lydenburg, three reefs are exposed, the lower one 
being approximately 3,500 feet above the base of the series. In upward 
order we find on Nooitgedacht the Davidson Reef 280 feet above the stream 
by the battery. It is made up of sandy grey shale, copper and iron pyrites, 
hematite (which is also found with a small botryoidal structure), pure and 
impure varieties of quartz, clay-slate and mica; malachite and azurite 
are also found in places. The altitude of the stream below the battery is 
4,800 feet above sea level. Some 230 feet above the Davidson Reef the 
* ' Bottom Reef " occurs, and excluding the mica, its composition is 
practically the same as that of the Davidson Reef. About 1,180 feet above 
the point of the stream of which altitude has been given we find on farm 
Goedverwacht 660 the '* Upper Reef," which is also exposed on Finsbury 
621 and Pardeplaats 556. It is composed principally of quartz, hematite, 
and in places of magnetite altered into hematite. 

Among other reefs is the one on farms Doornhoek 1296 and Sterk- 
spruit 199, adjoining the Lydenburg town lands. The reef occurs on the 
top of the conspicuous quartzite krantz overhanging the spruit, and on the 
line of oontact with the overlying shales, This reef does not measure 
much over 3 inches in thickness, but assays have been obtained from 20 
dwts. to 100 dwts., some even running as high as 360 dwts. to the ton of 
ore. The leader in question outcrops about 100 feet below the horizon 
of the Finsbury Reef, which also occurs on these farms, but without the 
precious metal. 
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Striking along the Pretoria Beds and intersecting the formation.. 
occasional white quartz veins occur, from 3 inches to 7 feet in thickness. 
It is* surprising tbat these yeins hare not been properly prospected or 
opened up, notwithstanding the fact that good prospects can be got in 
some of the ancient Portuguese workings, in which apparently the light 
surface stufií was washed for the fíne gold. 

KARROO STSTBM. 

It was mentioned in the introduction to these notes that a peculiar- 
looking breccia and conglomerate outcrop on the Ohrigstad town lands. 
Although frequently in the neighbourhood, I have neyer had time to make 
a satisfactory examination of these interesting rocks, and I have conse- 
quently been unable to arrive at an opinion as to whether these beds really 
belong to the Karroo System or not. The breccia contains fragments of 
rounded quartz, and sometimes quartzite f>ebble8, The larger ones which 
I saw were half an inch in diameter, the average size being probably about 
one-third of an inch. They are cemented together by a greenish matrix, 
which when slightly decomposed has a rather greasy feel. Occasionally 
shale fragments are found, and also mica, the latter being in minute 
fragments. The matrix might be a mud deposit, but it could also be 
taken for an igneous rock. Below this breccia a conglomerate occurs with 
pebbles bedded rather close together in a coarse pink matrix of quartz 
grainH, which through a secoiidary deposit of quartz has become a hard 
sandstone. The pebbles vary in size from a quarter of an inch to one and 
a quarter inches in diameter ; some are water-worn and flattened, others 
angular. They consist principally of quartz and quartzite. In three 
hand specimens I found one chert pebble. 

It is not impossible that the above rocks are the Dwyka Conglomerate, 
though they might also be related to the breccia and conglomerate men- 
tioned by Mr. H. S. Harger in his paper on the ** Occurrence of Red 
Sandstone in the Pretoria District," read before this Society in November, 
1897. An unconformity between the conglomerate and the underlying 
Pretoria Series I could not see, but hope at some future date to lay before 
you a more detailed description of these interesting beds. 

INTRUSIVB ROCKS. 

Numerous igneous intrusions cut the formations, in the shape of 
diabase dykes and sheets, trending more or less with the general strike of 
the intersected strata. The diabase dykes and sheets are rather coarsely 
crystalline in their centres. Sometimes decomposition has set in on the 
margins of the outcrops, and in places it extends into the centre of the 
dyke or sheet. Where decomposition has extended to some depth, even in 
the dry season the rock has considerable moisture compared with the 
adjoining rocks, and during wet weather it naturally necessitates a lot of 
timbering in underground workings, and causes general inconvenience in 
mining operations. 

The various diabase dykes and sheets show great differences in 
crystalline structure, as well as in their decomposition and general appear- 
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anoe. Nevertheless, I have met with sufficient eyidenoe of the justness of 
Dr. Molengraaff's view as advanced in his Report of the Geological Survey 
of the Transvaal, 1897, where he says that '* Though perhaps not 
invariably, at any rate generally, the sheets of diabase in the Pretoria 
Series were intruded contemporaneously with the dykes, and belong there- 
fore to the same period of volcanic activity." Southward of the Sabie 
River, above the Devil's Knuckles, a cutting of the road from Spitzkop 
to Lydenburg exposes a very perfect section, in which the passage of a 
diabase dyke into a sheet is clearly seen. The altitude is, I think, about 
6,000 feet above sea level. An interesting instance of the occurrence of 
diabase is the highly deoomposed dyke, which undoubtedly faulted the 
strata in the eastern section of the mynpacht, on Frankfort 456. The 
Bevet Reef is there dislocated to a vertical distance of about 20 feet. 
Thirty feet below where the dyke intersects the reef a sheet of diabase is 
found, 150 feet thick, from which the dyke is most probably an off-shoot. 

In consequence of erosion, and owing to the outcrop of the diabase 
dykes being imbedded in the softer rock of the Pretoria Beds, earth pillars 
are formed of a height of 8 feet to 10 feet. These sometimes present a 
rather striking appearance. They occur most frequently in the neighbour- 
hood of Mount Anderson. 

ORIGIN OF THE REBF. 

Not unfrequently an igneous origin has been suggested for the reefs 
in the Lydenburg district, but it does not seem probable that an igneous 
intrusive sheet containing the rocks previously described, with an average 
thickness of 10 inches to 12 inches, such as the Theta Reef, could have 
been spread out over the tremendous area on the boundary of which we 
oan trace 90 miles of outcrop on the same geological horizon, and which 
undoubtedly, if carefully looked for, might be found over a much greater 
length. Many of the less persistent reefa were most probably horizontal 
openings caused by earth movements, and now fílled with quartz and 
chalcedony abstracted from the adjoining rocks. The gold now found in 
the quartz was very likely abstracted contemporaneously, and subsequently 
conoentrated in the reefs. 

The more permanent reefs appear to me to be the result of re-deposi- 
tion of decomposed silicates, so that in other words the horizontal reefs 
might be put down as ** altered quartzite." The explanation of the 
presence of gold in these beds is a question which is still an open one. 
From my own observations, I am much inclined to think that before coq- 
solidation the deposits must have been subject to the percolation of some 
mineral solution. Deposition of the gold through chemical actions, and 
fome reducing agent, appears to offer the best explanation why the gold is 
limited to the various auriferous zones. It is not limited to the exact 
horizons of the reefs, because the rocks adjoining are always more or 
less mineralised, although not to a sufficient extent to pay for working. 

It is noticeable in almost all the horizontal reefs of the Lydenburg 
district that the carbonates of copper are usually more frequently 
associated with the gold than tbe other minerajs of the ore. Especially 
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Í8 this the oase in the upper dolomite zones, Frequently we fínd specimenB 
in which gold of a rather spongy and flaky appearance, resembling small 
nuggets, is visible in the stalactitic and stalagmitic structure of the car- 
bonates of copper. Probably the gold in a state of solution was 
simultaneously brought in with the copper. Subsequent deposition of the 
copper occurred owing to evaporation of water, and thence foUowed con- 
centration and crystallisation of the gold. 

Although I have not given many details 1 feel justified in assuming 
that the iníiltration theory should be accepted as the explanation of the 
presence of gold in these conformable series. Further, I would like to 
add that the intrusive dykes and sheets of diabase so frequently found in 
the close vicinity of the reefs might in some cases have a certain relation- 
ship to the presence of gold in the reefs. I have made a few investigations 
on this question at the different mines in the district, but without success. 
In fact, sometimes the reef is very poor close to a dyke, or when in contact 
with a sheet, and without very careful observations this question cannot, I 
am afraid, be defínitely settled. 



Digitized by 



Google 



THORD-aRAT : aEOI.OOY OF THE LYDENBCRa OOLD FIELDS. 

SECTION OF BOREHOLE ON LISBON (9). 



79 



Thbocgh a Portion of thb BI.ACK Bbbf Sbsibs. 



Total 


Depth 




Depth. 


Bored. 


Nature of Strata. 


Ft. Ins. 


Ft. 


Ins. 




1 6 


1 


6 


Sandy soil 


15 


13 


6 


Sand and gravel with boulders 


25 


10 





Clay with pebbles 
Sandy marl 


29 


4 





32 (i 


3 


6 


Red and grey sandstone 
Dolomite boulders 


32 10 





4 


33 10 


1 





Soft sandstone 


34 7 





9 


Dolomite 


35 6 





11 


Soft sandstone 


36 6 


1 





Chert 


38 6 


2 





Dolomite 


43 


4 


6 


Dolomitic shale 


110 6 


67 


6 


Coarse grey sandstone, very hard 


171 


60 


6 


Diorite 


171 4 





4 


Soft sandstone 


245 3 


73 


11 


Hard grey sandstone 


245 9 





6 


Conglomerate (Assay value 1 dwt. per ton) 


291 

292 6 


45 

1 


3 
6 


Grey sandstone 
Shale 


309 


16 


6 


Hard grey sandstone 
Hard shale 


311 9 


2 


9 


313 6 


1 


9 


Hard grey sandstone 
Hard shale 


314 9 


1 


3 


317 


2 


3 


Hard grey sandstone 


340 6 


23 


6 


Hard sandstone and shale 


343 


2 


6 


Sandy shale 


343 10 





10 


Hard grey sandstone 


344 4 





6 


Shale 


345 6 


1 


2 




346 





6 


Shale 


348 3 


2 


3 


Hard grey sandstone 


351 


2 


9 


Sandy sliale 

Hard grey sandstone 


352 2 


1 


2 


356 


3 


10 


Sandy shale 


366 6 


10 


6 


Hard grey sandstone 


367 9 


1 


3 


Shaly sandstone 
Hard grey sandstone 


381 6 


13 


9 


383 


1 


6 


Sandy shale 


38S 6 


5 


6 


Hard grey sandstone 


396 6 


8 





Sandy shale 


398 




6 


Sandstone and shale 


400 


2 





Hard grey sandstone 


419 6 


19 


6 


Sandy shale 


422 


2 


6 


Hard grey sandstone 


424 


2 





Shale 


427 


3 





Hard grey sandstone 


429 6 


2 


6 


Sandstone and shale 


437 10 


8 


4 


Sandy shale 


439 6 


1 


8 


Hard grey sandstone 


443 6 


4 





Sandy shale 


454 6 


11 





Hard grey sandstone 


455 9 


1 


3 


Sandy shale 


457 10 


2 


1 


Hard grey sandstone 


459 


1 


2 


Sandy shale 
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SECTION OP BOREHOLE ON LISBON (9). -^CotUinued. 



Through a Portion of thb Black Reef Sbries. 



Total 


Depth 




Depth. 


Bored. 


Nature of Strata. 


Ft. Ins. 


Ft. 


Inf«. 




468 


9 





Sandstone and shale 


476 


8 





Hard grey sandstone 


478 


2 





Shale 


486 6 


8 


6 


Sandy shale 

Hard grey sandstone 


490 


3 


6 


528 9 


38 


9 


Sandy shale 


531 9 


3 





Grey sandstone 
Sandy shale 


539 3 


7 


6 


54ÍJ 3 


1 





Grey sandstone 


550 4 


10 


1 


Sandy shale 

Hard grey sandstone 


566 


15 


8 


589 


23 





Hard sandy sliale 


610 6 


21 


6 


Hard grey sandstone with tliin l^eiU of sliale 


617 6 


7 





Hard sandy shale 


635 1 


17 


7 


Hard grey sandstone 


635 6 





5 


Shale 


640 


4 


6 


Hard grev sandstone 
Shale and quartzite 


640 1 





1 


665 6 


25 


5 


Hard grey sandstone 


675 6 


10 





Grey sandstone 
Sandy shale 


677 6 


2 





681 6 


4 





Grey sandstone 


683 


1 


6 


Sandy shale 


750 


67 





Grey sandstone 


768 


18 





Sandy shale 


791 


23 





Grey sandstone witli thin beds of shale 


800 


9 





Hard sandy shale, very broken 
Coarse haríi grey sandstone 


802 


2 





806 6 


4 


6 


Grey sandstone 

Sandy shale and sandstone 


819 


12 


6 


826 


7 





Grey sandstone 


842 6 


16 


6 


Sandstone and sliale 


865 


22 


6 


Hard sandstone and sliale 


945 


80 





Sandy shale 


952 


7 





Sandy shale witli atringers of calcite 


953 6 


1 


6 


Grey sandstone 


956 


2 


6 


Sandy shale 


986 


30 





Sandy shale and grey sandstone 


989 


3 





Hard grey sandstone witli stríngers of c^ilcite 
Shale and sandstone 


1005 


16 





1035 6 


30 


6 


Sandy shalé 


1039 6 


4 





Coarse grey sandstone 


1041 3 


1 


9 


Banket 


1045 4 


4 


1 


Conglomerate 


1048 6 


3 


2 


Coarse grey sandstone 


ia5l 6 


3 





Conglomerate 


1053 6 


2 





Coarse grey sandstone 


1055 8 


2 


2 


Fine conglomerate 


1060 3 


4 


7 


Coarse conglomerate 


1060 6 





3 


Shale 


1070 6 


10 





Coarse conglomerate 


1078 6 


8 





Conglomerate 


1100 


2) 


6 


Coarse grey sandstone 



Bore stopped at 1,100 feet on the 7th March, 1898. 
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SECTION OF BOREHOLE ON GROOTFONTEIN (217). 



Sl 



Throcgh a Portion op thk Dolomite Sbries. 



Total 
Deptli. 

Ft. Iiis. 



r> 10 

9 10 

17 10 

2ry 7 

37 7 

43 3 

4.') 11 

49 8 

H3 11 

93 3 

95 9 

101 9 

10« 3 

lOS S 

114 S 

1-21 1 

131 

i:« 
i:r> 

13« 
137 

146 9 

150 

158 11 

160 9 

166 6 

171 

172 l 
180 1 
18S 9 
191 9 
212 6 
218 6 
228 
'237 
258 
m 2 
•266 2 
273 5 
281 4 
•28<> 10 
'288 10 



289 
295 
296 
298 
316 
316 6 

318 7 

319 7 

320 
322 10 
:I24 4 
331 6 
357 4 



Depth 
Bored. 

Ft. Iiis. 



3 
2 
4 

8 
7 

12 
,> 
2 
3 

:m 

9 
2 

6 
4 
2 
6 
(i 
10 
1 
2 

T 
1 

9 
3 
8 
1 
5 
4 
1 
8 
8 
3 

20 
6 
9 
9 

21 
3 
5 
7 
7 
5 
2 

6 

2 

17 

2 

1 

o 
2 
1 

. 7 



4 
6 


9 

S 

s 

9 
3 
4 
6 

() 
5 

(i 
1 

(> 
4 
3 
4 
1 
3 
11 
10 
9 
(> 
1 


8 

9 

6 


2 

3 
11 
6 

6 
2 

8 
6 
() 
4 
1 


5 

10 
6 
2 

10 



Nature of Strata. 



Urowii soil 

Loose gravel 

Brown sandy clay 

Rock gravel and boulders 

Diorite boulders, very jointy 

Shale, very joiiity 

Chert, very jointy 

Shale, very jointy 

Blue bind 

Blue slate 

Dark blue slate with iron pyrites and black shale joiiits 

l^Iue slate 

Blue slate, very jointy 

Dark blue slate, very jointy 

Blue slate, very joiiity and broken 

(irey liiuestone, very iiard and jointy 

Grey limestone with veins of spar, very jointy aiid bnikeii 

(írey limestone 

Hard grey limestone, very jointy 

Hard grey limestone with veins of spar 

Hard grey limestone 

Hard grey liniestone with veins of spar aiid iroii ]iyritcs 

Hard grey liniestone with veins of spar 

Hard grey limestone 

Hard grey limestone with veins of spar 

Hard grey limestone with veins of spar, very jointy 

Hard grey limestone 

Dark blue limestone with veins of gypsuin 

Dark blue limestone 

Dark blue limestone with veins of spar 

Dark blue limestone, jointy 

Dark blue limestone 

Dark blue limestone, very jointy 

Dark blue limestone with veins of spar, very joiiity 

Dark blue limestone witli veins of spar 

Dark blue limestone with veins of spar, very jointy 

Dark blue whinstone, very hard ana jointy 

Grey liraestone, very hard and jointy 

Hard grey limestone, very jointy and broken 

Hard olue limestone, very jointy and broken 

Grey limestone with veins of white spar 

(irey limestone with veins of white spar and iron pyritc» 

Soft gritstone 

(ii-ey limestone, with white sparand iron pyrítes 

Blue shale with iron pyrites 

Blue shale with veins of white quartz and iron^pyritcs 

Chalcedonite 

Chert 

Blue limestone 

Gritstone 

Dark ^tstone 

Blue hmestone 

Dark ^tstone 

Blue hmestone 

Hard blue linieHtoiie 

Hard blue limestonc, very joiiity 
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Tjíe Banket Fokmation of Rhodesia 
(Read 19th June, 1905). 

By F. P. MenneU, F.G.S. 



I. — INTRODUCTORT. 

In presenting this paper to the Society, it is unnecessary to dilate on 
the economic importance of the lland conglomerates and the possibilities 
opened up by the discovery of an anriferous zone in the rocks about to 
be described. Indeed, the purpose of the present paper is merely to put 
on record what is known with regard to the character and origin of the 
Rhodesian conglomerates. Special attention has been given to the micro- 
scopical study of the rock, but as this is not intended primarily as a 
petrographioal paper, I have not entered into details with regard to that 
branch of the subject, though the information yielded by the microscope 
has been invaluable in checking and elucidating the field work and the 
study of hand-specimens. 

II. — THE CONGLOMERATE. 

The rocks under consideration attracted my attention in my fírst 
geological reconnaissances round Bulawayo after my arrival at the end 
of 1901, and in the Report of the Rhodesia Museum for 1902 were published 
some brief notes on the geology of ti\e Bulawayo district, in which I first 
pointed out* the evident correspondence of the Hospital HiU Beds with 
the Banded Ironstone of Rhodesia, and in which reference was made to 
the occurrence of the conglomerate in the presuniably Archa?an rocks south 
of the town.t Further observations showed that siniilar conglomerates 
are to be found in practically all the metamorphic areas of the country, 
and their stratigraphical position always appears to be the same as that 

* Page 10. 

t I need hardly reiterate my conviction that the older rocks of the Transvaal 
and the surrounding territories, np to and including the Dolomite, are of Archaean 
age. See discussion in my *' Geology of Southem Rnodesia," pp. 20-25. 
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of the Rand Banket Series — that is to say, they unconformably overlie the 
banded ironstones, though they appear to be implicated in most of the 
subsequent earth movements that those rocks have undergone. The con- 
glomerate in Rhodesia is the youngest member of the regionally-metamor- 
phosed group of rocks, on whose upturned edges the entirely unaltered 
later sediments were laid down. There is thus nearly everywhere in 
Hhodesia a stratigraphical break, covering in all probability the whole of 
the Palfieozoic period, though near the Transvaal border the Dwyka 
Conglomerate and some shales and sandstones, apparently older than the 
coal beds, are kuown to occur. In a correlation table drawn up last year,J 
I definitely ranked the old Rhodesian conglomerates as the equivalents of 
the Rand Banket Beds, and the probabilities seem extremely strong in 
favour of such a course, to which subsequent investigation has lent every 
support. The great granite masses, which are such a feature in the 
^eology of Rhodesia, are intrusive in all the foliated rocks, including the 
conglomerate, and there is also strong evidence that the massive hornblende 
schists or epidiorites, which bulk so largely in the metamorphic areas, 
result from the re-crystallisation of basic igneous rocks, much older than 
the granites, but still infrusive even in the conglomerate. At any rate, 
the relations of the epidiorite and conglomerate near Bulawayo are 
scarcely explicable on any other hypothesis, and in the course of several 
years' work I have never seen fragments of similar rock among the 
pebbles of the conglomerate. The epidiorite undoubtedly represents an 
ancient dolerite, retaining, as it does, a well-marked ophitic structure in 
spite of complete re-crystallisation. 

As the conglomerate usually conforms with the apparent dip and strike 
of the Banded Ironstone, it may be as well to mention the points which 
prove that it is really unconformable with that rock. They are as 
follows : — 

(1) The frequent overlap of the conglomerate on to the crystalline 

schists, as in several localities near Bulawayo. 

(2) The instances where the Banded Ironstone does not run parallel 

with the conglomerate, as near Hopefountain, where the strike of 
the two ÍB nearly at right angles. 

(3) Most important of all, the usual abundance of Banded Ironstone 

pebbles in the conglomerate, which show, it is interesting to 
note, the silicification that is such a remarkable and constant 
feature of the rock at the present day. 

Whether the apparent dip of the conglomerate and the Banded 
Ironstone is to be relied upon as representing their real stratification is 
very questionable. It is really the dip of foliation or cleavage, and if 
looked upon as the true direction of the strata would involve some extra- 
ordinary combinations of faults and thrusts to explain their relations to 
the older schists. The coarser pebbly bands in the conglomerate do not 
usually conform with the apparent strike. 

X " Geology of Southern Rhodesia," p. 24. 
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III. — CHARAQTSR OF TH£ CONOLOMERATE. 

TJie lithological characters of the conglomerate vary considerably, the 
Jifferences beiug partly original and partly due to varying degrees of 
metamorphism. The matrix is often a sandy material (as at Abercorn, 
Mazoe, Ushers, and other localities), frequently showing the development 
of much secondary biotite, and sometimes highly silicified. In other 
cases, it has all the appearance of a normal hornblende schist or gneiss 
(as at the Eldorado Miue). Despite shearing, however, the pebbles, thougli 
often fractured and faulted, are quite distinct, and have their original 
contours well preserved. Sometimes they are of a readily recognisable 
rock, like the Banded Ironstone, which locally becomes extremely abundant 
(as at Selukwe, Sebakwe, and other localities), though it is rare in the 
Bulawayo district, despite the enormous development of the parent rock. 
Granite and granophyre pebbles occur everywhere, as well as numerous 
varieties of rhyolitic and trachytic lavas. Some of these igneous rocks 
are of types quite unlike any kuown in situ, The granites, even, are often 
altogether different from those now geuerally exposed at the surface, and 
these latter could not in any case be looked to as a possible source of the 
fragments, as they are of later date than the metamorphism of the old 
Khodesian rocks, including the conglomerate it8elf.§ In some cases, so 
many of the pebbles are igneous, aud so much of the matrix is disintegrated 
igneous material, that the rock might easily, on the strength of isolated 
specimens, be taken for an ancieut tuff or agglomerate {e.g., near Jumbo 
Mine, Mazoe district; south of Bulawayo, on the Tuli Road). Vein quartz 
pebbles are always present, as they are bound to be, from their inde- 
structible nature ; in some cases indeed {e.g.y several Belingwe localities) 
the pebbles are almost entirely of quartz, and the rock then bears the 
closest resemblance to its Johannesburg equivalent. Usually, however, the 
quartz, even if abundant, is dark coloured, and other rocks nearly always 
greatly predominate, so that the oonglomerate is not at all similar in 
general appearance to the Rand banket. 



IV. — ORIGIN OF THE ROCK. 

To say that the rock is of Archflean age is to postulate its having under- 
prone a considerable amount of alteration since its formation. It has, in 
fact, been subjected to extensive shearing and crushing, and shows the 
development of various secondary minerals in the process, as well as the 
infíltration of other substances. But though these features are precisely 
what are to be expected, the extent of the metamorphism renders it 
desirable to emphasise the points which prevent the rock from being 
regarded as a crush conglomerate. This is the more necessary in view 
of the ''crush" theories which have often been advanced in connection 
with the Johannesburg rock, and wiU no doubt continue to figure in mining 
reports in this country. 

§ See above ; also " Geolopy of Southem Rhodesia," pp. 9-11 aiid pp. 25-26. 
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The internal evidence may be briefly summarised as foUows : — 

(1) The pebbles are ofteuy indeed usually, quite different in composi- 

tion from the matrix, Thus even where quartz and granite largely 
predominate there is frequently no quartz whatever in the 
intervening fine material. 

(2) The included fragments, whether rounded, as is generally the oase, 

or angular, have alm^st invariably a perfectly well-defíned 
boundary, even in microscopic sections. They show no signs of 
grading into the surrounding material. In spite of the remark- 
able way in which the softer pebbles are flattened and the harder 
ones faulted, there is no appreciable amount of mylonised 
material, a fact which is in itself almost conclusive against 
orushing having had any share in the production of the rock. 

(3) The pebbles often include scarcely any derived from the adjacent 

rocks, They comprise on the other hand petrological types no- 
u'here known, so far as our present inform^ation goes, in Rhodesia, 
It is sufficiently obvious that such a condition of things would be 
impossible in the case of a crush conglomerate with no conceivable 
source for its materials save the enclosing walls. Such considera- 
tions cannot have their force lessened by the hypothesis of an 
igneous intrusion being completely crushed, which has been 
suggested, in view of the fact that a few yards of outcrop near 
Hopefountain have yielded pebbles of white glassy quartz, dark 
quartz, banded ironstone, ** halleflinta," hornblende schist, two 
varieties of chlorite schist, granite, granophyre, porphyrite, and 
at least two distinct kinds of amygdaloidal lava. 



But there is scarcely any need to appeal to súch evidence, strong as 
it is; indeed, my dwelling upon it may lead to the idea that the crush 
theory has much more in its favour than is really the case. The decisive 
feature which proves the rock to be a conglomerate is its distribution 
over the entire country, taken together with its great thickness and with 
the fact of its stratigraphical position being always consistent with its 
occupying a constant horizon. Taking a broad view of its characteristics, 
the conglomerate is, in fact, precisely what one would expect to result 
from the denudation of an extensive area of varied igneous and 
metamorphic rocks. Hard and resistant substances like vein quartz, 
banded ironstone, halleflinta, granophyre, etc, form most of the pebbles, 
while the more easily disintegrated granites and schists have usually gone 
to make up the finer matrix. The ready decomposition of the more basic 
igneous rocks and of the hornblende and chlorite schists afiíords an 
obvious explanation of the cases where the pebbles are largely quartz, with 
some granite and granophyre, in a matrix now re-crystallised into 
hornblendic or chloritic schist. The shape of the pebbles where the rock 
has escaped entire deformation appears to indicate their fluviatile or 
lacustrine origin. The harder ores are, in fact, exactly like those of a 
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river gravel, with beautifuUy smooth and rounded outfines. At the same 
time the extremely widespread distribution of the conglomerate tells in 
favour of a marine origin. The Oldhaven Beds in England show múch the 
same class of pebble, though even they are estuarine deposits. 

V. — DISTRIBUTION. 

The only districts where the conglomerate has yet been continuously 
traced over a large area are those of Bulawayo and Lomagundi. It is, 
however, known to occur in the Umtali, Abercorn, Mazoe, Hartley, Sebakwe, 
Selukwe, Victoria, Belingwe, Bubi, and Gwanda districts — that is to say, 
ecattered over an area of fuUy 100,000 square miles. The thickness of 
the deposit is very variable. Near Bulawayo it is from a few hundred to 
several thousand feet thick — that is, unless a deceptive appearance of 
thickness is given by strike faulting. It is probable, however, that the 
average is at least a thousand feet. 

VI. — ECONOMIO IMPORTANCE. 

The geological relationship of the Rhodesian conglomerates to those 
of the Rand at once opens up the question of their proving of similar 
economic importance. As a matter of f act, though it has not been generally 
recognised, **banket" has been worked for some time at the Wanderer 
Mine, Selukwe, a big low-grade deposit at the junction with the Banded 
Ironstone; the latter however, forming the bulk of the ore, which yields 
about 4 dwts. of gold per ton to direct cyaniding. The conglomerate has 
been tested in several other localities with poor results, and so far it is 
only at the Eldorado Mine, in the Lomagundi district, that gold has been 
proved to exist in payable quantities. Recent developments at this locality 
have shown that not only is the ore in general of high grade, but that the 
ore shoot also contains patches of phenomenal richness. The conglomerate 
is here altered and sheared to a greater eitent than usual. The matrix 
has passed into the condition of hornblende schist, and consists of deep 
green ragged hornblendes, irregular felspar granules, and some possibly 
gecondary quartz; epidote, biotite and chlorite being also present, as well 
as magnetite and pyrites. The pebbles, which are occasionally large 
enough to be termed boulders, are chiefly granite or granophyre. They 
are a good deal altered, but not so much so as to leave any doubt as to 
their nature. Nearly black quartz is common, and what may possibly be 
banded ironstone also occurs. Pebbles of white quartz are rare, but little 
^eins of secondary quartz are seen, sometimes traversing faulted pebbles 
in a most interesting manner, while there are often bunches of pyrites. 
The richness of the specimens enables the distribution of the gold to be 
studied with unusual ease. The precious metal is practically confined to 
the matrix of the conglomerate, and is principally seen in cracks formed 
after the rock had assumed its present characters and altered appearance, 
apart, of course, from the changes due to the introduction of the gold and 
of the otEer secondary minerals by which it is accompanied. Even where 
plentiful, the gold is fine, and not nuggety. It is not often seen in the 
pebbles. When they do show it, it is always along c^acks forraed during 
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the extension of the pebbles at right angles to the pressure which induced 
foliation, or else along slipping planes, sometimes with and sometimes 
without secondary quartz and pyrites. Round the pebbles, and especially 
at their ends, where slips would most tend to loosen the rock, the gold is 
often highly concentrated, forming a regular coating to the pebbles in 
extreme instances. It is evident that here, as on the Rand, the gold is 
of secondary origin, and was not intrQduced during the original deposi- 
iion of the rock. 

VII. — NOTE ON THB ATRSHIRE ROOK. 

At the Ayrshire Mine, situated about 15 miles from the Eldorado, in 
the Lomagundi district, gold is worked in a veinstone, which has long 
attracted considerable attention on account of its exceptional nature. 
Sixty stamps are working at present on this mine. The deposit occurs 
at a granite contact with the schists, the actual veinstone being only 
separated from the granite by a narrow band of ohloritic schist, of variable 
width. At the 6th level the schist was proved by a bore to be there 
about 200 feet through. The rock occasionally shows veins which are 
apparently intrusive from the granite. It is usually called diorite, but 
though there is high authority for the name, I have always termed it horn- 
blende-gneiss, as it is almost certainly of metamorphic origin. It is 
massive and crystalline, and appears like a somewhat foliated plutonio 
rock, being composed of pale green hornblende and light yellowish-brown 
biotite, with microcline and andesine felspars, and much accessory sphene 
in irregular granules. There is a good deal of secondary pyrites, and in 
some places much quartz, though other parts of the rock are quite free 
from the latter mineral. The interest of the rock in connection with my 
present subjeot lies in its close resemblance to parts of the Eldorado 
matrix, and in its containing what are apparently boulders of amphibolite. 
Though it has completely lost any clastic characters it may have onoe 
possessed, it does not seem an imreasonable inference that it may be a 
contact altered representative of the conglomerate, to some extent, 
perhaps, impregnated with granitic material, the last feature being 
extremely oharacteristic of Rhodesian oontact rocks. 

In conclusion, I must express my indebtedness to Dr. H. Sauer for 
specimens, and for permission to describe the Eldorado rock; to Messrs. 
J. L. Popham and A. J. C. Molyneux, F.G.S., for other specimens; and 
to Mr. H. E. Jones, A.R.S.M., for some valuable notes and suggestions. 
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The Transvaal Formation in Prieska, Cape Colony 
(Read 17th July, 1905). 

By E. H. L. Schwarz. 

[Plate XIII.] 

The present paper was prepared Bome years ago with the objeot of 
showing the róle which the older rocks in Cape Colony had plajed in 
determining the age of the Transvaal System. Formal permission was 
obtained from the Geologícal Commission to publish it, together with the 
map, but when it came to handing over the manuscript for the publisher, I 
was requested to make so many alterations — with some of which I could 
not agree — that I withdrew the paper. I now publish it in order that it 
may be ui»ed as a companion study to the work of the Transvaal geologists, 
who have, since it was written, published so nwiny exoellent descriptions of 
the older rocks within their own province, and I accept Dr. MolengraafTs 
term, Transvaal System, as suggested by him for these particular 
formations. 

At the time the original paper was written, Dr. Molengraaff had plaoed 
the Pretoria Series, Dolomites, and Black Reeí Series in the Cape Forma- 
tion. In a letter to him I had pointed out that our Prieska rocks were so 
strikingly similar to oertain of the Transvaal rocks that it was hardly 
within the bounds of possibility that they could belong to different systems ; 
nevertheless, our Prieska rocks were undoubtedly far older than the Cape 
Formation. Subsequent oorrespondence led to his acknowledgment of 
the íaots as presented in the Cape Colony, and in the '^ Explanatory note 
to the Geological Sketch-map of the Transvaal," published at Johannesburg 
in 1902, he mentions that the threeifold system in the Transvaal is pro- 
bably older than the oldest member of the three-fold (Cape) system in the 
Colony. The acceptance of this view, however, has not been general, so 
that I think the publication of the present paper has been rendered 
neoessary. 

The survey of the Prieska Division was done by Mr. A. W. Rogers and 
myselí in 1898, and the views of the former on the subject have been 
published in his ** Geology of the Cape Colony.*' I do not think that there 
wiU be found much divergence in our views, except in that I have allowed 
myselí to speoulate a little more freely on the bearing of the f acts. In the 
map I have made oonsiderable alterations — for instance, in the inolusion 
oí the quartzites below the dolomite in the Eeis Series, and I have joined 
up oertain outorops which are separated by sandy wastes, in order to bring 
out the leading lines of the structure of the country. Neither in the 
written part, therefore, nor in the map, do I wish to hold Mr. Hogers 
responsible for facts as presented here, but we were so closely associated 
during the progress of the survey that I wish to acknowledge that much of 
the eluoidation of diflScuIt points is due to Kim. 
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The following is a table of the bedB with which we shall have to deal. 
together with the Transvaal equivalents, and I may state, although 1 
cannot in any way claiin priority in the matter, as they have remained so 
long in manuscript, that these tables as they were written in the 
original paper were drawn up before anything had yet been pubiished 
showing the relationship of the beds in the two Colonies. 

Capb Colont. Transvaal. 

Matsap Series. Waterberg Sandstone. 

Griquatown Series. Pretoria Series. 

Campbell Rand Series. Dolomite Series 

Keis Series. Black Reef Series. 

Granitc and Gneiss. Old Granite. 

In the Doornbergen we get a series of ferruginous quartzites, lying 
for a great part flat and undisturbed, and upon them there lies the Glacial 
or Dwyka Conglomerate. In some places west of Prieska the junction of 
the Doornberg Beds with the Dwyka Conglomerate is so nearly conform- 
able, or apparently so, that I was inclined to regard them as actually 
conformable, and as a consequence to correlate the Griquatown Series with 
the Witteberg Series in the south of the Colony — exactly as Dr. Molengraaff 
was doing at the same time in the Transvaal, and working quite inde;- 
pendently of us. Further exploration in the district showed, however, that 
these Doornberg rocks were enormously folded, and that the flat portions 
with the Dwyka Conglomerate resting upon them were only accidental 
coincidences. Taken as a whole, the Griquatown Series had been folded, 
invaded with immense floods of amygdaloid, which itself had been crushed 
and sheared subsequently with the quartzites, and finally a far later sedi- 
mentary formation, the Matsap Beds, had been let down in among the rocks 
of the Campbell Rand and Griquatown Seriee, before the Dwyka Con- 
glomerate was laid over the whole group of rocks. The lapse of time 
between the Doomberg Series and the Dwyka Conglomerate must, there- 
fore, have been enormous, for the whole distribution of land and water 
must have been subjeoted to profound changes in the interval, and the vast 
outpourings of basic rocks must have occurred and have hardened, and 
have been subsequently affected by great earth movements, before the 
Pflacial boulder clay was deposited. 

Then again, we can trace the Cape Formation northwards from the 
Cape Peninsula as far as the north of Van Rhjm's Dorp, and we find it 
thinning out gradually until the whole tEickness is but a score of feet, 
showing that deposition raust have ceased in this direction. The Table 
Mountain Sandstone is such a peculiar rock, being raade up of a continu- 
ouB succession of sandstones, that the conditions for its deposition ean be 
fairly clearly made out. It was a sand laid down close in shore from off a 
vast continent, and it is inconceivable that similar conditions could havc 
prevailed contemporaneously in the heart of the very continent whence it 
drew its supplies of material. In other words, the Table Mountain Sand- 
stone was derived ïrom an old continent, part of which was the same as 
that on which Prieska now stands, and we can actually find jaspers, such 
as occur in Prieska, embedded as pebbles in the Table Mountain Sandstone. 
in Clanwilliam, for instance, and, therefore, there oould not have boen 
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an open sea in Prieska at the same time receÍYÍng sedimenta equivalent in 
age with the Table Mountain Sandstone. 

Again, the foldings that have affeoted the Cape System die cut 
steadily northwards, eo that at the f urthest point where it is found in the 
west of the Colony, the beds lie perfectly flat. The Dwyka Conglomerate 
was caught in these folds, and in the south of the Colony one can see this 
formation not only standing at all angles up to the vertical, but in Prince 
Albert, for instance, it may be seen actually tucked in under the Witteberg 
RedR by a series of over-folds. How then could the earth movements thnt 
liave »0 profoundly altered the Doornberg rocks, upon which the Dwyka 
Conglomerate rests in such an unaltered condition, have been oontempor 
aneouB with those that have folded and altered the Dwyka Conglomerate 
in the Bouth? The conclusion, I think, is unanswerable, that the two 
earth movements were separated by a vast interval of time. 

Finally, although the relation of the Matsap Beds to the Dwyka 
Conglemerate was not observed in Prieska, nevertheless the whole of the 
underlying rocks, granite, amygdaloid, Eeis, Campbell Rand and Griqua- 
town Series, are scored by the action of glaoiers, pointing to the f aot that 
the folds that brought these beds into their present position were long 
anteoedent to the deposition of the Dwyka Conglomerate. Even with 
respect to the Matsap Series, Stow states that to the north theae beds show 
smooth and rounded surfaces, as if the hiUs oomposed of them had at one 
time been subjected to ice-action, and also I have picked out from the 
conglomerate near Prinoe Albert village, boulders so typical of the Matsap 
Series that I do not think there can be much doubt tíiat they have been 
derived from it, especially as boulders of jasper, amygdaloid, dolomito and 
quartzite occur with them. The Matsap Beds are immeasurably younger 
than the Griquatown Peds, and as they also went to form the floor of the 
Dwyka glaciers, there must be a far greater gap between the Doornberg 
rocks and the Dwyka Conglomerate, which seems to be conformably on it in 
place^. 

I can recall a similar and more striking: instance of the same fact as 
that last mentioned in Yan Rh^oi's Dorp. The Table Mountain Sandstone 
is here a very thin layer, crowning a high plateau, of which the underlying 
rocks belong to the Malmesbury and Ibiquas Series ; there can be no question 
as to this quartzite being Table Mountain Sandstone, for we have followed 
it right away from the typical occurrence at Tulbagh in a continuous and 
unbroken exposure. At one place behind Stinkfontein Poort, the Table 
Mountain Sandstone wedges out altogether, and the Dwyka Conglomerate 
rest« directly on Ibiquas Beds. The latter are only gently folded under 
the Table Mountain Sandstone, and in places lie perfectly flat. I have seen 
a horizontal bed of Ibiquas Sandstone extending up a kloof for several 
hundred yards, and the Dwyka Conglomerate resting upon it as if on a 
perfectly uneroded surfaoe — that is to say, we have here all the apparent 
elements of a complete conformity, yet tuming round we can realise that 
the gap between the Dwyka Conglomerate and Ibiquas Beds is one 
embracing the Devonian, Silurian, and probably the Cambrian, and a 
good part of the Arch»an as well. 

Having Rtated the grounds for conaidering the Matnap, Griquatown, 
Campbell Kand and Keis Series as of immensely older age than the Cape 
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Formation, it remains to show that theee can be correlated with the 
Transvaal Formation, the Waterberg, Pretoria, Dolomite and Black Reef 
Series of the Transvaal. This, I think, can be best done by a plain state- 
ment of the charaoteristics of our Cape rocks without f urther labouring the 
point. That the two groups of rocks are the same has been repeatedly 
stated by Mr. Rogers, Dr. Molengraaflí, and others, so that the argixments 
for this correlation in the original paper may be adyantageously omitted. 
Bef ore, however, entering upon this descriptive part, I would like to touch 
on three questions of a somewhat specuiative and perhaps hazardous 
nature, namely : — 

1. The correlation of the pre-Cape rocks of the Cape Colony. 

2. The correlation of the Transvaal System with beds uutside Soutb 

Africa. 

3. The possible correlation of the beds underlying the Transvaa) 

System with those of the system itself. 

I offer the third point to raise the question of how it is that we fínd 
the Pretoria Series becoming so like Hospital Hill Beds in the west, a fact 
which has not been touched on. I studied the Transvaal rooks in 1895, 
before I knew very much about South African geology, and can scarcely 
claim, therefore, more than second-hand knowledge of them. 

1. Mr. Walcot Gibson * complains that the relationship of the Cango 
Deposits, Malmesbury Schists, Table Mountain Sandstone, and the Prieska 
roQÍLs has not yet been clearly determined. Since then Mr. Rogers, in 
his *' Geology of Cape Colony," has discussed the question, and has shown 
the difficulties in the way of satisfying Mr. Gibson and other geologists 
(European and American) who have encouraged work in South Africa by 
their sympathy. We have isolated outcrops of rocks presenting consider- 
able lithological dífferences with no defínite traces of organisms by whicb 
to judge their age or position. Tet it may serve a useful purpose to 
tabulate the Cape Beds, and to correlate those in the different areas, 
tentatively at least: 



Cape 

Peninsula, 

Malmbsbury, 

WOECESTER. 


PlQUETBERO, 

NOW 

PORTERVILLE 

ROAD. 


Van Rhyn's 

DORP. 


OUDTSHOORN. 


Prieska. 


Clay slates of 

Lion's Runip. 

Slates at French 

Hoek, with 

conglomerate. 


Conglomerates 
of Honig Berg. 


Ibiquas Beds. 


Cango 
Conglomerate. 


MatsapBeds. 








Black slates of 
Calitzdorp. 


Gríquatown 
Series. 


Malmesbury 

Beds, 

Phyllites. 


Malmesbury 

Beds. 
Dolomite at 
Vogel Vley. 


Malmesbury 

Beds, with 

dolomite. 


Clay slates and 
dolomite. 


Campbell Rand 
Seriea. 


Quartzites 

nnder the 

Langebergen. 


Thinbedsof 

quartzite at 

Saron and Vogel 

Vley. 






KeLs Series. 



* Geological Mcigazine, 1902, vol. ix., No. iv., p. 166. 
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Taking the top row in the table fírst, the Cango Conglomerate presents 
Bome remarkable reeemblances to the Mataap Beds. Foremost ÍB the 
peouliar puoe or purplish drab colour, which is a persistent characteristic 
throughout the Transvaal and Prieska — so much so, in fact, that a small 
specimen of a rock from this formation on the north can be easilj 
recognised, and boulders occurring in the Dwyka Conglomerate in Prince 
Albert or Willowmore can be picked out and confidently classed as 
originally from this formation by their colour alone. Besides the colour, 
the prevalence of conglomerat^ in the series is a marked oharacteristic. 
In Prieska we have sheared purple slates with pebbles of granite, jasper, 
hornblende rocks, etc., at the base ; then puceKïoIoured sandstones in which 
at the bottom only a small amount of matrix exists, with quartz pebbles, 
and then above, the main bulk of the Matsap Beds consists of sandstones 
with but a few scattered pebbles. It is an interesting question as to how 
these isolated pebbles came to be deposited in their present positions. In 
Oudtshoorn the híUs that separate the Cango district from the alluvial 
plains of the Olif ant*s River are made up of very similar beds ; both the 
material with the large pebbles and sheared, as well as the finer-grained 
rocks, are present. A small portion of the Cango Conglomeráte runs into 
the Ladismith Division, and has been the basis for reports of banket in 
this area, but the Cango Conglomerate is quite different from the Rand 
Banket, although there is no reason why a large body of conglomerate, 
Buch as occurs in Ladismith and Oudtshoorn, should not in places. be 
auriferous. 

In Prieska we have seen at the baee of the Matsap Series a belt of 
purple slates containing pebbles, but this not everywhere. In Van Rhyn*s 
Dorp we find a very large body of strata, which we have called the Ibiquas 
Beds, quite distinct from and unconformable to the Malmesbury Beds. 
They consist> of purple and brown slates and sandstones gently 
folded, in contrast to the Malmesbury Beds, which are intensely f olded ; 
in addition, the Ibiquas Beds are bedded in normally thick banks, whereas 
the older series is almost invariably very thin bedded. At the top of the 
series we find conglomerates which immediately reminded Mr. Rogers 
and myself of the Cango Conglomerate. If I am right in my correlation, 
we must regard the Ibiquas Beds as a great development of the argillaceous 
beds at the base of the Matsap Series, and the conglomerate on top as 
equivalent to the lower portion of the sandy beds. 

Not f ar f rom Piquetberg Road Station, or as it is now called Porter- 
vilie Road, there is a small hill capped with Table Mountain Sandstone, 
but made up of reddish conglomerates ; the exposure is unsatisfactory, 
but I believe these last are unconformable to the Malmesbury Series, and 
I think I am justified in correlating them with the Oudtshoorn Conglo- 
merate, an opinion with which Mr. Rogers has since expressed concurrence. 

In the Lion's Rump, to the west of Capetown, there are fairly massive 
clay-slates bedded in thick banks, and exposed in a now historic section 
along the Sea Point shore. They have always been classed as Malmes- 
bury Beds, but I have never been able to see on what grounds. At 
Steílenbosch or Malmesbury, where the true Malmesbury Beds can be 
studied in somewhat similar positions, they are always very thin-bedded 
and folded mto innumerable folds, and often crimped with small secondary 
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folding. There seem to me to be no points of similarity between the rocks on 
Lion's Kump, with their massive beds dipping at high angles, but never 
vertical or crushed, and the normal intensely folded Mabnesbury Beds 
in the neighbourhood. When only one series of rocks was known to 
underlie the Table Mountain Sandstone, the labeliing of the Lion's Rump 
clajHslates as Malmesbury Beds was permissible, but now that we know 
that there are certainly two series, if not more, separated by a vast time 
interval, 1 think we are driven to the conclusion that the Lion's Rump 
clay-slates must belong to the younger Ibiquas Beds, and not to the older 
series. At French Hoek I found rocks similar to the Lion's Rump clay- 
slates with a large development of conglomerate, like that at Honig Berg, 
and this helps on my view that we have to deal with beds other than 
normal Malmesbury Beds in the south-west of the Colony.f 

The Doornbergen in Prieska are made up of rocks belonging to the 
Griquatown Series, and show even in the range iteelf a oonsiderable 
amount of variation. At Keikam's Poort we find green and black slates 
with yeliow alteration products wedged in between the more prevalent 
jaspers and magnetite quartzites. Some of these Eeikam's Poort rocks 
show trails, due to organisms, worms possibly, but again, they may be 
due to higher organisms. Further to the north-west, along the Orange 
River, the rocks of the Griquatown Series have undergone less metasomatic 
changes, and the whole of tíie hills are made up of green and blaok slates. 
The green colour of these last I believe to be due to grunerite, a silicate 
of iron, which in the Doornbergen has separated into magnetite and silica, 
changing thereby the green slates into inagnetite quartzites. In the same 
way, the crocidolite, or fibrous green hornblende, known commonly as blue 
asbestos, changes in the Doornbergen to the pseudomorph commonly 
kuown aB crocidolite, but which is iu reality a mixture of iron ore and 
silica, perhaps sometimes forming a definite mineral, which has been called 
griqualandite. 

In Oudtshoorn there is a series of slates markedly different from the 
normal Malmesbury Beds. They may be well seen on the road from 
Calitzdorp to Ladismith, where the road goes down to the Gamka River. 
They consist of black slates, very weli-bedded iu f airly massive banks ; at 
first I would have been ánclined to correlate them with the Ibiquas Beds, 
and make them a basement Argillaceous Series to the Cango Conglomerate, 
but I have been \mable to find any evidence for an unoonformity between 
the Calitzdorp Series and the Malmesbury Beds of the Cango. Again, 
the prevalent colour of the Calitzdorp Beds is an inky blue or greenish 
black, which is sharply contrasted with the purple and brown of the 
Ibiquas Beds, and corresponds with the colour of the slaty beds in the 
Doornbergen at Keikam's Poort. I think, therefore, there are more 
grounds for considering the Calitzdorp Beds to be the equivalents of the 
Griquatown Series than of the Matsap Beds. I must point out that 
although these lithological differences are very frail evidenoe to go upon, 
yet if some order is not attempted in the geology of South Africa — that 
is, if we are to go on giving speoial names to etvery isolated outorop 

t In Europe the Torrídonian Sandstone of Scotland has niany featoree Bimilar to 
those in the Matsap Beds. 
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without in the least hinting at its probable relationship — we shall end in 
making our geology unintelligíble. 

The ordinary Malmesbury Beds, such as oocur at Stellenbosch, 
Malmesbury and Tulbagh, are alway» thin-bedded, and usualij intensely 
sheared, sometimes with the produotion of sericite schists and silky- 
looking phyllites. In all normal areas they run ocoasionally into 
dolomites In Oudtshoom, in the Cango district, the dolomites are more 
developed than usual, and yet here when one follows a band of the 
calcareous rock for some distance there oome in at fírst small inter- 
calations of shale, which imperceptibly increase in number tiU at last the 
dolomite disappears and one walks only upon the thin-bedded shales and 
phyliites of the normal Malmesbury type. In the nortH, in Van Rhyn'a 
Dorp, the dolomites similarly increase in importance, and I therefore 
think there are good grounds for classing the normal Mahnesbury Bede 
as Campbell Rand Beds, which have been staryed of their calcareous 
oontent in the south. 

Ilie last row of the table is by no means as satisfaotory. I look upori 
the Eeis Series as a basement deyelopment of the Campbell Rand 
Series, a quartz deposit preceding under the same conditions of sedimentar 
tion, an argillaceous and calcareous deposit. In Prieska, near ihe 
v^illage, the Keis Quartzites are not of much extent, and are quite 
subordinate to the dolomites, whereas near Draghoender the dolomite is 
in yery small quantity in an immense area of quartzites. When one con- 
siders the special conditions requisite for the laying down of calcareous 
beds, I do not think it surprising that the latter are often sharply bounded 
in their area, and their place taken by muds or sands. Counting the 
Keis Seribs, therefore, as more or less a special lithological phase of the 
Campbell Rand Series, I have applied the correlation of the Keis Series 
to certain massive beds of quartzite that oome in occasionally in the 
folded Mahnesbury Beds in the south-west of the Colony, such as under 
the Langebergen near the Mitchell's Pass to Ceres, between Worcester and 
Ashton, and at Saron and Yogel Vley. The extent of these quartzite beds 
is not yerj great, and I do not wish to lay stress on this point, except witb 
the desire to draw attention to some interesting occurrences. 

2. The second speculatiye point I wish to rais^ is the possible correla- 
tion of the South African rocks with those in other countries, but in order 
to keep this paper within reasonable limits I can only touch on the fringe 
of the subject. 

In India there is a series of rocks called the Transition Series, the 
age of which is not known, except that it must be very ancient; they 
consist of jasper and magnetite rocks, dolomites and quartzites. This 
sequence of similar rocks in India with those we fínd in South Africa is 
▼ery striking, and suggests more than a mere coincidence. It is, however, 
not surprising, seeing that in other respects, and in later rocks, India 
has many points of resemblance to South Africa— in fact, there is very 
good evidence for supposing that at one time the two sub-continents were 
connected by a bridge, and the united countries have been called Gondwana 
Land. 

Looking further afíeld, we fínd in North America, in the Lake 
Superíor district, rocks so similar to those of our Transvaal System that 
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speoimens of many characteristic ones, suoh as the orocidoliie, jaBpers 
and magnetite rocks from the two continents, are indÍBtinguiahable. The 
magnifícent memoirs on these rocks published by the Geological Suryey 
of the United States, especially those by Van Hise, could ahnost haye beei) 
written from our own country, exoept ttat the deyelopment of iron ore 
in these beds in the States is of enormous richness, whereas we haye no 
yery yaluable deposits in them. The following table will show at a 
glance the resemblances, and for further information I inust refer the 
reader to the memoirs above quoted : — 

Prieska. Lake Supbrior. 

MatsapBeda, — Slates, conglomerates Upper Huronian, — U^per slate, 
and sandstones. iron-bearing formation. Slates, 

quartzites and conglomerates. 

GriquaioKni Seriea. — Magnetite and Loujer Huronian. — Negaunée iron 
jasper rocks, quartzites and formation and Michigamme 

slates. jaspers. Slates and altered 



sic and acidic volcanices. 
Campbelí Rand Series. Kona Dolomite. 

KeÍ8 Series. — Quartzíte and mica Memard Qu^rtzite. 
schist. 

A jump like this from South Africa to North America mereiy on the 
eyidence of lithological resemblances is certainlj hazardous, but we get 
besides the similarity in composition an identical sequence, and thus we 
haye two separate links, and such correlations, if not meant to be strictly 
applied, yet help us to understand our geology better. Taking into 
consideration that our Transyaal System is immensely older than the 
Table Mountain Sandstone — that is, the Silurian — I do not aee much 
danger in acoepting these Lake Superior rooks as equiyalents, and placing 
our Transyaal System in the Archaean. 

3. Haying found that lithological resemblanoes do help us consider- 
ably, may we not boldly push our speculation further, and suggest the 
correlation of the banded jaspers of the Hospital fiiU Series with the 
Pretoria Series? The unconformity beneath the Blaok Reef Series 
would under these circumstances represent a thrust plane, and the 
Witwatersrand Beds the crushed and sheared remnants of the Transyaal 
Series. How is it then that there are no dolomites in the Witwatersrand 
Beds? The dolomite is a rock that in rook-folds repeatedly becomee 
crushed out; if we look at any sections of the Alps this fact is brought 
out again and again, and supposing that the Witwatersrand Beds are 
intensely sheared and metamorphosed Transyaal Beds, it would be almost 
a necessity that the dolomites should be absent. When I was ezamining 
the Johannesburg area in 1895, I naturally expected to find the same 
sequence of beds on the north of the granite as on the south, but on the 
north there are the Transyaal Beds, altogether different from the Wit- 
watersrand Beds. In yiew of the immense amount of shearing and 
crushing that has obyiously gone on in Qie latter series, it suggested 
itself to me that these were the same beds as those on the north of the 
granite metamorphosed. It is true the Transyaal Beds to the south of 
Johannesburg are not like the Hospital Hill Series, but then following the 
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former to the west we find alteratiooB ooming in, in precisely the same 
direotion as those found in the Hospital Hill Series; for instance, the 
Pretoria Series to the west of the Transyaal becomes a magnetite 
quartsite and jasper series, and many of the rooks from Marico are 
identioal with some Hospital Hill speoimens. 

I haye come across a curious instance of the yagaries of meta- 
morphism, germane to this subject, in the Culm of Coddon HiU, near 
Bamstáple. There we fínd black grits with jasper and lydian stone, and 
between these are shales with Orthoceras, Goniatifes and Posidonotnya, 
The production of banded jasper in the Hospital Series may, therefore, 
be only a coincidence, but I haye expressed this point, which has occurred 
to me, as one who has foUowed the inyestigation in the Transyaal from 
afar, and has felt that if it were adequately discussed by more competent 
men than myself, we might be nearer the solution of the yezed question 
of the position of the Witwatersrand Beds. 

I will now proceed to the descriptiye part. I haye adopted Dr. 
MolengraafiTs term Transyaal Series for the whole, as the correlation is 
now certain, and will merely set down the characteristic points of our 
beds in the Cape Colony for comparison with the Transyaal rocks. 

* MATSAP SERIES. 

The uppermost of the Prieska pre-Dwyka rocks is the puzzling Mat«ap 
Series, which, unfortunately, is nearly surrounded by amygdaloid, and 
though it seems to lie oii the Keis Quartzites on the north, and the 
Campbell Rand Beds are butting so curiously against the main body of 
the Ezel Rand on the south, yet from the outcrop in Prieska one cannot 
say anytfiing defínite as to the relatiye ages of these sedimentary rocks. 
The only point we haye to go upon is the inclusion of pebbles of jasper, 
apparently from the neighbouring Griquatown Beds, in the slaty con- 
glomerate at the base of the series of Matsap Beds. 

The following is a condensed description of the Matsap Beds, 
published by Mr. Rogers and myself ,t together with a similarly condensed 
description taken from Dr. MolengraafiTs paper in the French Geological 
Society.§ 

Matsap Beds. Watbrbbrg Sandstone. 

Grey and purple mottled grits with Basal conglomerate of pebbles, 
pebbles ot quartz, quartzite and often very little rounded, of 

gríts ; at base, conglomerate of jasper, quartz schist, magnetite, 

angular and round^ fragments quartzite and lydian stone — 

of rocks typical of the Griqua- all these rocks typical of the 

town Series; these in a niard Barberton System. Besides 

siliceous matrix sometimes these condomerates, one finds 

passing into purple slate. the ^ebbles spread in small 

quantities through the sand- 
stone. The colour of the last 
is red, but varies from light to 
dark red. 

t Annual Reporty Geological Commissioti, 1899; Capetown, 1900, p. 83. 
§ BulL Soc. Geol. de France, ser. 4, vol. L, pp. 64-65. 
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Stow's acoount of the continuation of these beds into Bechuanaland 
shows that the same oharacters are found north of the Orange Riyer. 
Prof. Rupert Jones' description of the rock specimens submitted to him 
by Stow includes the f oUowing : Coarse grey quartzose grit ; coarse-grained 
bedded quartzite, with pinkish, brownish and dark bands; hard pinkisb 
quartzite; purplish brown quartzite; purplish grey quartsite, containing 
Hub-angular fragments of red jasper. The very fuU lists published with 
Stow's paper leave very little doubt that one is dealing with the same rock 
system as that found in Prieska; and also, as that which occurs in the 
Transvaal, and is called the Waterberg Sandstone. 

The Prieska Mateap Beds are found in a range of hills oalled the 
Ezel Rand. I do not think that it has béen ever noted how this range 
got its name, and the subject is of interest in the present connection. At 
the western end of hiUs there is a kloof, called " Ezel Klaauw," or 
" donkey's hoof." Some way up there is a waterfall, in which there are 
four narrow holcB, just suoh as could have been produced by a donkey 
jumping into a soft material, and the farmers aver that the holes were 
so formed when the sandstone was soft. The holes are really little pot 
holes, formed by the water loosening four of the scattered quartz pebbles 
that occur in the sandstone, and these, kept revolving in their original 
cavity, deepened it to a couple o£ inches or so. This will give one an 
idea of the sparseness and size of the pebbles included in the sandstones 
of this very remarkable series of beds. 

THB ORIQUATOWN SBRIBS. 

The following is a condensed description of these beds on the same 
liues as in the preceding series ; the pages denote those in the papers above 
referred to. I have divided the Prieska rocks into a more and a less highly 
metamorphosed series, which may be correlated separately with the Trans- 
vaal System iu the Western Transvaal and that in the neighbourhood of 
Pretoria. 

Prieska. Transvaal. 

Griqtiatotvn Series^ Doombergen, Pretoria Series, Magaliesberg, p. 42. 
Kameel Puts and Keikam's — Quartzites, slates, clay slates, 

Poort, p. 81. — Soft slaty rocks, black sandstones with magne- 

slates with ripple marks and tite; yellow slates. 

worm tracks; dark green iii 
colour, weathering yellow. 
Blue asbestos. 

Prieska's Poort. — Magnetite quartz- Marico District. 
ites and iaspers, banded red, 
white and brown. "Crocido- 
lite." II 

The following are some of the type specimens of the rocks coilected 
by us from the Griquatown Series of Prieska : — 

1. Black slate splitting into thin laminae, ^inch thick, with yellow 
trails on surface like worm tracks, Keikam's Poort. 

II Crocidolite is really the blue asbestos, and the "crocidolite" of cominerce the 
silica psendomorph. 
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2. Dark blue and green slate, Kameel Puts. 

3. Dark green shale with thin bands of orooidolite, ib. 

4. Magnetite quartzite, with bands of white quartz, dark red 
hematite and magnetite. 

5. Magnetite quartzite, with bands of dark red hematite and 
magnetite. 

6. Black quartzite with chocolate bands of jasper. 

7. Blaok magnetite quartzite with streaks of white quartsite. 

8. Grey magnetite quartzite, with hematite, bands of white quartzite, 
small streaks of yellow jasper, and layers with brilliant green 
mioa, pleoohroio to jellow. 

9. Oolite. — Oolite grains ohanged to raosaio quartz, and surrounded 

with hematite. 

10. Banded Jasper. — Tellow and liyer-ooloured bands. 

11. Banded Jasper. — Banded in yellows and browns, with layers of 
griqualandite. 

12. Banded Jasper. — Bands |-inch thick, red, chocolate and yellow. 

13. Jasper. — Brilliant red, with bands of black magnetite quartzite 

and yellow jasper. 

14. Light grey-green steatite, Nauga. 

The preyailing tints are dark-grey and black at the end of the Doorn- 
bergen, where most of the magnetite quartzites occur; blue-black at 
Keikam's Poort, where the black slates ocour; browu in Prieska's Poort, 
where the rocks are mostly jaspers; and blue to green at Koeka's Drift, 
where the blue a^estos or crocidolite is mined. There is no evidenoe of 
any great disturbance of the beds, the rocks are gently folded, and on the 
west of the Doornbergen, although the beds are standing nearly vertically, 
and eyen inyerted, dipping under the Campbell Rand Beds, yet there is 
no intense subsidiary folding or overthrust. In Prieska's Poort the 
beds lie horizontally, and there are a great number of dolerite dykes outting 
yertioally through the beds. The whole of the Doornbergen 'forms a 
self-oentred ridge, but the Griquatown Series broadens out north ef the 
Orange Riyer into indefinite hilly oountry. 

On the south of the Doornbergen, the Dwyka Conglomerate laps 
round the Griquatown Series, but granite is not deep underneath, for 
hillocks of that rock are constantly cropping up through the oonglomerate. 
To the west of the Doornbergen there is a large tract of granite and gneiss. 
Folded in the latter there are a niunber of outliers of the Griquatown 
Series, much more metamorphosed than in the Doornbergen, and black 
magnetite quartzites are more common in these outliers. AsBOciated with 
the Griquatown rocks there are dykes of basic composition now ezisting 
in the form of hornblende schists and serpentine; in the latter there is a 
deyelopment of crysotile, often on a yery large scale, the fíbres running 
to a yard in length. Curious schists with epidote and glaucophane occur 
in the same position, and probably represent acid dykes metamorphosed. 

Near Prieska village, coming through' the poort f rom the west, there 
ÍB a great quantity of crocidolite in ail stages of progressiye silicification, 
from the original green fibrous mineral through the warm browns and 
yellows of true griqualandite, to the hard yellow, and yellow, red and 
white of the mineral where it has.lost most or all of its iron oontent^ 
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Most beautiful blooks lie about the hiUs, and are built into the retaining 
walls of the roads, which show the bands of the glistening fibrous minera] 
interbedded with the brown and yellow jaspers; some show compiicated 
minor folding, others have straight parallel bands. The stoeps of the 
houses in Prieska are built of great slabs of this beautiful jasper, often 
with bands of crocidolite. 

The hiU sides are terribly harsh and dry, yet there is a wonderful 
assortment of plants growing upon them, mostly kinds that form thick 
stems or leayes, or juicy underground bulbs, by which they retain the 
moisture coUected during the short rains. 

Although iron ore in the form of hematite or magnetite is so abundant 
throughout the series, it never, as far as I Eave seen, forms bodies of ore, 
and the percentage of aluminium silicate and silica is too great to allow 
the working of any of the rocks in Prieska for the extraction of iron, 
even supposing that fuel was handy. Unfortunately, however, the only 
fuel available is that which accumulates in the kraals where the sheep 
sleep at night, and which is periodically cut out in squares and dried. 

THB CAMPBELL RAND SBRIBS. 

This series oonsists principally of black limestone or dolomite, with a 
great many bands of white chalcedonic silica (chert). With this on the 
west of the Doornbergen, there is always a considerable amount of white 
quartzite, which may belong to the same series, but which for convenience 
of mapping I have considered as less metamorphosed representatives of 
the Keis Series. The country in these parts is so much covered with sand 
that the relationship of the rocks is ezceedingly difBcult to make out. 
Stow st^tes that the Keis Quartzites are unoonformable to the CampbelJ 
Rand Series,1I which, if confírmed, wiU necessitáte a new name for these 
quartzites that underlie the dolomites in Prieska, for near Nauga they 
form a sufficiently large body of strata to warrant a group-name for 
themselves, and they are undoubtedly conformable with the dolomites. 

In Prieska the dolomites are always intensely crystalline black rocks ; 
they effervesce with weak acid, so that they are not typical dolomites, but 
we have not yet had them analysed. They weather with a brown coat, 
which is rough and picked out into rounded hollows with sharp edges. 
It is from this latter character that they are known to the Dutch under 
the name of OIifant*s KIip, from the fancied resemblance of the rough 
lurfaoe to the hide of an elephant. 

The dolomites are folded in with the Tjrriquatown Series, and form 
several bands. The Orange River has taken advantage of the easy 
solubility of the límestone to run along tCe strike of one of the bands 
for a oonsiderable distance. The black oliffs of limestone overhanging 
the rich yellow waters of the ice-oold rirer with the vivid green of the 
willows and thom trees on the bank, seen in the shimmering light of an 
intensely hot summer's day, form a series of oontrasts that remain Icng 
in one's memory. 

f Stow, "Notes npon Griqnaland We«t," Qítarterly Jmirnal, Geological Society, 
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The ohalcedonic sílica is often intensely folded without the limestone 
showing corresponding disturbanoe; in one place I found a band with 
regular yertical folds parallel to one another, with cracks at the apioes 
of the bends, between the oomponent iayers of silica in the band. There 
was a little pyrites and galena in the chert. 

There is occasionally a small amount of shale and slate with the 
dolomite, 'and at one place a considerable lode of galena with carbonate 
of iron in a mass of green slate occurs. 

The limestone hills are the home of the Koker Boom, koker being 
the Bushman word for " quiyer." It is an aloe (Á. dichotoma), and grows 
in great quantities — round Nauga, for instance — and is also found in 
the granite kopjes of Namaqualand. 

THB KBIS 8BRIES. 

This series must be diyided into two groups, the quartzites underlying 
the dolomites, and the quartzites of Keuken Draai. Of the relationship 
of the latter we know nothing with oertainty. At Brakbosch Poort there 
are beds of black quartzites associated with the white quartzites; the 
f ormer haye all the appearance of some of the Griquatown Beds, and there 
are also large bodies of homblende and mica Bchist like those that occur 
in the outliers of that series. The white quartzites are highly meta- 
morphosed, and it is quite poBSÍble that these black quartzites lying bedded 
with the white quartzites represent the Griquatown Beds on the east of 
tíie granite that separates the two ridges, and that the dolomite has been 
crushed out in the folding. At all other places the quartzite of the Keuken 
Draai ridge is surrounded with granite, ezcept at the extreme north of 
the area mapped by us, where, on the east side, it is faulted against the 
Matsap Beds, and on the south, where the Dwyka Conglomerate wraps 
oyer it. The quartzite on the east, underlying the dolomite, is indis- 
tinguishable from the white quartzite on the west of the granité, ezcept that 
in the latter there are beds of mica schist with glistening layers of white 
mica (sericitef) The superficial distribution of the wHite quartzite of the 
Keuken Draai ridge is that of an anticline of the lower members of the 
same rocks that form the Doombergen, but, owing to much greater 
folding, the rock has become more metamorphosed. Against this yiew, we 
haye Stow's section showing the Campbell Rand Series lying unconform- 
ably on the Keis Quartzites ; there can be no doubt that the Keis Quartzites 
are represented in the Keuken Draai ridge. T do not think, howeyer, that 
in an area of intense foldíng and oyerthrusting the eyidence from a 
section like Stow's should be taken as final, eyen though it is actually as 
straightforward as he has represented. The safer way is to take into 
account the distribution of the rocks in large areas. Tn Prieska we haye 
a ridge of this quartzite flanked on either side by rocks of the Griquatown 
Series; on the east side the outcrop of this latter series is re-duplicated, 
and then on the east again, white quartzites like the white quartiites of 
the Eeuken Draai ridge oome in. We haye, therefore, the rocks in the 
normal puccession that an antidine and syndine would proyide if the 
Keuken Draai quartzites are the same as the Doomberg white quartzites. 
That the Keuken Draai ridge is an anfïcline is shown by the granite 
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oropping up in the oentre of the ridge between Draghoender and Brakbosch * .•* 
Poort, although the dip of all the rocks in the ridge is to the west atíd ** 
north-west. 

The same want of certainty muBt always ocour in mapping a tract 
of exoeedingly old rocks like these which have been folded and crushed and 
injected with molten material many times over. It is no good waiting for 
more details such as would be derived from a wider survey, for unless a 
mass of facts is investigated on some definite plan, the result is likely to 
be incoherent. I do claim, however, that in Prieska we have very good 
grounds for considering the Eeis Quartzites to be the same as those found 
underlyÍDg the dolomites conformably, and that they are therefore the 
equivalents of the Black Reef Seriee of the TransvaiJ. 

At the north end of the Doornbergen, by Zeekoe Baard, white 
quartzites and dolomite alternate with each other in moderately thin 
bands. The strike of the rocks turns here sharply to the east, and in the 
bend there is an outcrop of dark purple day-slates. The exposure is too 
smail to allow any conclusion to be arrived at as to the position of these 
beds, and it wiU be best to simply chronicle their occurrence, and leave the 
question of their relationship tiU further work is done on the other side 
of the Orange River. 

THB lONBOUS ROOK8. 

The igneous rocks yet await investigation, and it will be of little use 
entering upon any detailed description of them here. The main divisions 
are as follows : — 

Oranite and Gneiss, — Felspars, orthoclase and plagioclase, coloured 
white, yellow or red. Mica, white or black, sometimes a briUiant black- 
green. Hornblende only occasionally. 

The rock sometimes occurs as graphic granite. Pegmatite with large 
white micas has been worked for the latter mineral. Felsites and 
rhyolites occur, both with the red and with the white granites. A 
remarkable banded rhyolite oocurs at T'Dyzega, which has more the 
appearance of a banded jasper than that of an igneous rock, only that 
green and light yellow bands are intercalated between the red and brown 
ones. Granulite with abundant garnets and oopper ores, and granite with 
epidote and glaucophane also occur. 

The granite and gneiss occur as a basement seriee to the sedimentary 
rocks. In places they are intensely sheared, with crushing planes parallel 
to the strike of the mountains. At places there is evidence of later 
intrusions — for instance, between Zwart Kop's Pan and Stuurman's Puts, 
where there is a hill of red granite, felsite and rhyolite, lying unsheared 
and unaltered, directly across the strike of the shear planee in the 
basement granite. Quartz reefs and some mica schists oocur, running 
parallel to this kopje, and it would appear that there has been here an 
intrusion after the dominant strike of the distriot had been aoquired, 
which carried some of the sedimentary rocks with it. 

The granite is found in isolated kopjes projeoting through the thiok 
red sand that covers all the low-lying ground in the district, or it may 
be found in wells and trenches cut in íhe hope of finding water. No field 
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-evidenoe oould be obtained as to the relationship of the yarious kindg 
of granite with the sedimentarj beds, all junotions and oontaots being 
buried in the all-peryading red sand. 

Amygdaloid, — This is a diabase with amjgduleB of quartz, ohlorite 
and oaloite, intruded among the whole series of sedimentary rooks and 
granite. In the oentre of the massee it is more compaot than on the edges, 
but amygdules occur throughout. There are four separate areas in whioh 
the rook ocours in the distriot — the main mass at the end of the Ezel Rand, 
a small one at Zeekoe Baard, a more southerly one west of the Doom- 
bergen, and fínally, one in the granite on T'Dyzega. 

One would imagine, judging f rom the yesicular oharaoter of the rook, 
that it was. extruded on the surf ace as a lava-flow ; the f act that it laps 
round all the yarious rocks from top to bottom of the sedimentary series 
shows that it must have oome up subsequently to the earth-moyements that 
folded the rocks into their present form. Probably the rock was erupted 
in massds from fissures, for no trace of yents haye been deteoted. In the 
Transyaai the rock is closely paralleled by the Bushyeld amygdaloid. 

To the east of the Prieska Diyision, in Hopetown, there are a 
number of isolated outcrops of felsitio layas and yoloanic breccias that 
may possibly be connected with the same series of eruptions, but the 
relationship of these rocks to the other pre-Dwyka rocks of the north-west 
of the Colony is impossible to make out, owing to the covering of Dwyka 
Conglomerate. 

Prt'Karroo Basic Intrusionê. — These oonsist of a yery interesting 
series that still requires to be worked out. They consist of diabases 
with uralite, hornblende schists and gametiferous augite rocks 
(granulites ?) The first two are intensely altered rocks, and the last as 
fresh as if they had been subjected to no metasomatic alteration at all. 
One might perhaps be justified in regarding the two first as intrusions 
previous to the folding of the rocks in the district, and the last as subse- 
quent. All three occur in odd dykes throughout the granite, but £he 
homblende schists seem to be always near the Griquatown rocks, and in 
many cases are entirely enolosed by them. 

Serpentines, — With the outlying patches of Griquatown rooks there 
are on Zoet Vley and north of Draghoender large dykes of serpentine, with 
more or less crysotile. That north of Draghoender affords some very 
handsome rocks, whioh may be quarried ín bulk, the shades of oolour 
ranging f rom a rioh deep green to pale sea-green ; where the rook ia 
traversed by veins of silky orysotile a most beautiful stone is produced, 
The grey serpentine f rom which the Bushmen make their pipes is obtained 
from the Griquatown rocks near Nauga. At Zoet Vley the crysotile has 
been worked oommercially. 

Oarnetiferous Sehists, — These oocur in the Keis Series on Klein 
jtfodder Fontein, with oopper ore. At Alicedale the rocks are probably 
metamorphosed limestones, the garnets are often as large as a ohild's fist, 
and are of blood-red pyrope variety, with well-marked orystalline f aces. 

Po8t-Karroo Dolerite. — This rock is assigned to the Poat-Karroo 
period, on account of its fresh state, and because it agrees in mineralogioal 
composition with the sheets and dykes £Eat traverse the Karroo rooks to 
the south of the district. It is found in the Doornbergen, traversing tfie 
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Griquatown rocks, and is well seen in Eeikam's Poort, Prieska's Poort, 
and Nauga's Poort. In the Dwyka Conglomerate area, immediately to 
the north of the Doornbergen, there are many small dykes and sheets of 
this same rock. 

On all these rocks, sedimentary and igneous, the Dwjka Conglomerate 
was deposited. On the east, the oonglomerate wraps round the Griquatown 
Beds of the Doornbergen, and the northern boundarj touches equally the 
granite, the amjgdaloid, and the Eeis Quartzites, while rising like 
nunataks from the conglomerate there are hillocks of granite and 
amygdaloid, of Griquatown Beds, Campbell Rand Dolomites, and of Eeis 
Quartzites. The Eeis Quartzites at Bosjesman's Berg show yertical faces 
Bcratched bj the glaciers which flowed southward oyer this rock. Further 
east at Villet's Euil in Hopetown the felsites and yolcanic breccias are 
''moutonnées" with the lee side to the south; this helps the argument 
that these rocks must be considered to belong to the same series as the 
amygdaloid. No doubt the other rocks would equally show evidence of 
glaciation, did not the weathering act so rapidly in these regions. The 
ohanges of temperature are very great, and the wind blows with great 
fury, and is usually burdened with sand, which quickly wears away rhe 
newly-ezposed surfaces of the rocks, so that unless the material be yery 
resistant, all original surface features are obliterated. As it is, with the 
Villet's Euil felsites and the Bosjesman's Berg quartzites, it is only the 
rock that has just emerged from the conglomerate that still retains the 
glacial striae : a short way from the ground erosion has deleted all traces.* 

There can be no doubt that the Dwyka Conglomerate was laid down 
on a land-surface, consisting of all the rocks described aboye, and 
that the Matsap, Griquatown, Campbell Rand and Eeis Beds, had 
all been subjected to intense foldings and long continued denudation 
before they became coyered with morainal matter. It is also as certain 
that after the first denudation they were flooded with amygdaloid in flows 
of laya, and that sedimentary and igneous rocks were together sheared 
and denuded befcre the Dwyka Conglomerate was laid down. It is, 
therefore, proyed as clearly as any problem can be proyed in field geology 
that there must haye been an immense lapse of time, eyen speaking as we 
are accustomed to in considering questions of geology, between the 
deposition of the Matsap Beds and the Dwyka Conglomerate ; and as the 
correlation of the Matsap Beds with the Waterberg Sandstone is so probable, 
the same lapse of time must haye occurred in the Transyaal between the 
Watérberg Sandstone and the Dwyka Conglomerate. 

In the aboye paper I may haye coyered ground which is familiar to 
most people, but I have thought it best to put the whole case from my 
point of yiew as one who has had the whole of the facts before him from 
the time when the first systematic inyestigation began. 

* Rogers and Schwarz, *• The Orange River Gronnd-Moraine," S.A. Phil. Soc, 
vol. ix., pt. 2, 1900. 
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Os THE OCCURRENCE OF PaL^OLITHIC ImPLEMENTS IN THE 

Krugersdorp Valley (Read 4th September, 1905). 
By J. P. Johnson. 



Krugersdorp lies in a valley eroded in the soft slates between the 
Hospital Hill and Main Reef quartzites. The bottom of the vdlley is 
covered with a varying thickness of fíne carbonaceous loam, at the base 
of which is a bed of coarse detritus, consisting chiefly of more or less 
rounded boulders of quartzite and sub-angular fragments of quartz. The 
present stream runs down the valley in a series of stages, alternately 
flowing over and cutting deep into this alluvium. The implements, which 
aí-e all water-worn, come from the bed of coarse detritus. 

It 'will be noticed that the conditions described are exactly the same as 
those obtaining in the Bezuidenhout Valley. Thete also the implements 
are rolled, and come from a bed of coarse material underlying* carbonaceous 
loam. There also the stream runs down the valley in a series of steps, 
exposing here and there the implement beáring stratum. 

The implements must once have been scattered over the slopes of the 
Witwatersrand, and subsequently washed down together with other coarse 
debris into the valleys during a period of heavy rainfall. Afterwards 
more tranquil conditions prevailed, during which the river béds became 
silted up, these beinpf in turn succeeded by the erosive activity of the 
present epoch. 

The specimens from the Krugersdorp Valley only numbér sij, but 
they all present the unmistakablé palfleolithic facies. 

Two were obtained in situ-^one a characteristic example of the large 
clumsy flakes, the other a rough makeshift sort of a tool made out of a 
pebble. 

Another of white quartz is of the distinctive tongue-shaped type. 

Two others resemble the average tongue-shaped form, but differ in 
that the edge is extended right round the butt of the implement. One of 
them is of exceptionally fine workmanship, being remarkably thin and 
symmetrical. 
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The remaining implement is of yery particular interest. Though of 
an unmistakably paleeolithic quality of workmanship, it is entirely 
different from any that have hitherto been found among the typical 
British assemblage. It is a true axe-head, and belongs to a South African 
group of implements, which connects the more typical palaeolithic weapons 
with the characteristic neolithic aze-head. Probably the best series of 
these implements is that obtained, together with other palseolithic forms, 
by Mr. T. N. Leslie from Vereeniging, and described by me in a paper 
(now in the press) read before the South African Philosophical Society. 
The group presents a great deal of variability, but two varieties stand 
out very prominently, viz, : (1) a form consisting of a broad rectangular 
blade, like that of the ordinary modern axe used for tree-f elling ; and (2) 
a form with a narrow blade and rounded top, similar to the common and 
well-known neolithic type. The Krugersdorp Valley specimen belongs to 
the former class. Of the latter class, I have a specimen from Vereeniging 
which is so skilfully and symmetrically made that it might easily bo 
mistaken for a true neolithic axe-head. 

In addition to the specimens mentioned above, my friend, Mr. C. R. 
Jobling, has a worn but well shaped example of the tongue-shaped type 
from up the side of the valley. It was dug up from beneath six feet of 
surface soil on the property of the Windsor Gold Mining Company. 

With the exception mentioned above, the implements are fashioned 
out of quartzite. 
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PRELIMINARY NOTES ON "FuNDAMENTAL GnEISS FoRMATION " 

IN SouTH Africa (Read 4th September, 1905). 
By F. W. Voit. 



On my last trip in the Northern Transvaal, which l extended up to 
the Limpopo, l found there a formation developed which I am unable to 
correlate with any of the formations known in South Africa. I have not 
had the time yet to make a microscopical examination of the rocks and 
to prepare a detailed paper which I shall read later on, but I beg to-day 
to lay before this Society some characteristic rock specimens of 
that formation, and to make some preliminary notes on it. The rocks 
build up apparently a formation of enormous thickness, and occupy 
probably a very large area. They consist chiefly of gneissoid rocks of 
varying composition, resembling in every way what was called on the 
Continent ** Ur-gneiss-formation," this name being now replaced by 
Fundamental Formation. 

This gneiss formation is found in the Limpopo Flats, in fact, I crossed 
it from the Limpopo south over a width of at least twenty-five miles. How 
far north of the Limpopo it extends I cannot state. The strike of the 
formation is east and west, the dip perfectly vertical, though very often 
hidden by false bedding. The formation is represented chiefly by gneisa, 
such as-mica gneiss, hornblende gneiss, protogine gneiss, augen gnei^jes, 
flaser gueisses, epidote gneisses, garnet gneisses, granulites, eclogites and 
similar rocks, all being closely related to each other, and known as 
generally forming the Fundamental Formations. 

With regard to the correlation of this formation with others known 
already, I should like to make the following observations : Up to now 
the oldest sedimentary rocks we know in South Africa are the Swaziland 
Beds in the Transvaal, and the Malmesbury Beds in the Cape Colony. 
An inspection of the specimens on the table will be sufficient to show thai 
they cannot belong to these Swaziland Beds; the entire absence 
of the characteristic chloritic shales, iron shales, the so-called itabirites, 
flinty shales and other metamorphic rocks, show clearly the difference 
between the two formations. Sometimes a oertain similarity lo the old 
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grey granite, íntrusive in the Swaziland Beds, might be observed. 
Ëspecially round the ' * British Empire " mine, some thirty miles 
north-east of Pietersburg, and near the Spelonken, the granite very 
often shows rocks of decidedly gneissoid character, which, however, I 
oonsider to be stratified variations of the granite only. In this formation 
of the Limpopo Flats, however, over an actual thickness of about twenty- 
fíve miles, I did not see once a rock which I could put down as a real 
granite, as we know it, and I consider it to be out of the question to 
correlate the old granite with the formation in question. Now we certainly 
had to ezpect that one day a Fundamental Formation would be found in 
the Transvaal, and I think it most likely that this formation near the 
Limpopo is the one we have been looking for. 

I might state that I found a similar formation in the interior of 
Angolo, which I have put down as Fundamental Formation. Now I must 
confess that I should not like to suggest defínitely a new name for a forma- 
tion which is known so little, and which I could not study thoroughly 
myself.* AII the appearances, however — viz., the petrographical character, 
the monotony, the enormouB extension, and so on — make it very probable 
that we have really to do with a Fundamental Formation. 

Whether these be portions of the primeval crust of the globe, or 
whether they are metamorphosed sediments belonging to very old periods, 
we need not discuss. Perhaps it is nothing but a vast area of granite, 
older than the two granites known, which underwent enormous pressure 
and waa turned into a gneiss by regional metamorphism. 

All the indications point to the f act that we have to do with a forma- 
tion which in all other parts of the world ia aoknowledged to indude the 
oldest known rocks. Should f urther investigation in those parts of Af rica 
confírm my observations, I would propose the name of *' Fundamental 
Gneiss Formation," leaving open the question of the real origin of the 
Archsean gneiss, as is usually done now in leading geological circles. 
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Prbliminary íCote on the Geology of the Pilandsberg 

AND A PORTION OF THE RUSTENBURG DlSTRICT (Read 

4th September, 1904). 

By G. A. F. Molengraaff. 



The greater portion of the Rustenburg district is occupied hy rocks 
belonging to the Plutonic Series of the Bushvela. At the township of 
Rustenburg the Magaliesberg Range, which from Pretoria up to this point 
has a westerly trend, turns in a wide curve to the north-west and north- 
north-west, the main crest consisting all the way of quartzites dipping 
towards the Bushveld. Several isolated, sharp-crested hiUs are dotted all 
along the range. They consist of coarse grits, which form here the upper- 
most strata of the Pretoria Series just below the norites. Quite near to 
Pretoria, for example, on Witfontein 53, these grits are also developed, 
but they do not form hiUs there; the most eastern hiU occurring on 
Greylingspost 111. 

On these grits follow the basic and ultrabasic rocks, chiefly represented 
by norite and gabbro. In this part of the country these rocks form a broad 
girdle inside the wide curve of the Magaliesberg Range, and the numerous 
rugged kopjes of norite form a very picturesque feature of the great 
Rustenburg plains. 

Inside the norite, i,e., deeper in the Bushveld, foHow the intermediate 
rocks represented bj nepheline-syenites. I crossed the mass near the Hex 
River — first discovered by E. Cohen in 1872 — on the farms Elandsheuvel 
265 and Tweede Poort 189, but its extent I have uot determined. An 
extraordinarily large mass is found in the Pilandsbergen — in fact, these 
mountains are entirely composed of different varieties of foyaite covering 
an area of more than 200 square miles. In the southern and western 
portions of the mountains these foyaites are very rich in aegyrine, and 
often also in fluorspar. On the farm Tusschenkomst 331 a very fine 
aegyrine schist forms considerable hiUs; this very schistose variety of 
aegyrine-foyaite has until now only been recorded as occurring in Green- 
land. Near Saulspoort, in tho north-eastern portion of the Pilandsbergen 
a foyaite carrying quartz appears to form a kind of transition towards 
the granite which occurs a little further eastwards. 
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In the big loop of the Magaliesberg, bounded towards the north by 
the Dwarsberg, towards the west by the Marico Hills, and towards the 
south by the Zeerust Hills and the Schurveberg, Dr. Hatch * mentions the 
ocourrence only of basic and ultrabasic rocks, granite not appearing there. 
East of the Pilandsbergen red granite foUows without exception on the 
fojaites and norites; thus again the usual succession of basic and ultra- 
basic rocks, intermediate rocks and acid rocks, is found as oue proceeds 
from the Magaliesberg Range towards the centre of the Bushveld. 

About seventeen miles east-north-east from Saulspoort the red granite 
suddenly abuts against the Ramakoks Hills (*' Ramakoksche randen "), 
which consist chieíly of quartzites, banded magnetite-quartzite-schists (in 
many details resembling the Hospital HiU Slates, or the banded magnetite- 
quartzites of the Abelskop and Barberton Formations), dolomite, and 
knotted phyllitic rocks. These rocks are highly tilted, their average 
position being nearly vertical, and belts of them follow one on the other 
in often repeated succession, the dolomite, of course, being mostly in 
evidence in the long valleys, the banded quartzites in the ridges separating 
these valleys. The average strike of these strata is north-west and south- 
east, or west and east. They form several large mountain ranges composed 
of a number of parallel ridges, but broad belts of red granite separate 
these níountain ranges one from the other. I followed this formation, 
travelling mainly in a direction at right-angles to the average strike of 
the strata, over a distance of about forty-seven miles, as far as the 
Sterkstroom Valley, north of Zandrivierspoort, where the entire system 
disappears underneath the Waterberg Sandstone, which overlies it with a 
striking unconformity. It is not yet quite clear to what system these rocks 
belong; much can be said in favour of the opinion that they represent 
the much altered and folded Transvaal System (Pretoria Series and 
Dolomite), but admitting this version, it is not easy to understand how 
the rocks of the Transvaal System oould alter so much in character over a 
comparatively small distance — as, for instance, between the Dwarsberg and 
the Ramakoks HiIIs. 

In several places highly altered quartzites are met with, always in 
intimate connection with the red granite, and lying either horizontally 
or at a slight angle on it. Mr. Jorissen,t who described these rocks 
as they occur at the Elandsbergen, takes them to represent the upper 
portions of the Pretoria Series. As far as I saw them, they cannot be 
conforraable to the strata of the highly tilted formation mentioned above. 

Later on, I intend to illustrate this question, and the results of my 
observations in the western and central portions of the Bushveld generally 
in a larger paper in conjunction with Mr. Jorissen, who has made an 
extensive series of observations in the eastern and central portions of the 
Bushveld. 

♦ Tratis. Geol. Soc. S.A., vol. vii., 1904, p. 1. 
t Trans. Geól. Soc. S.A., vol. vii., 1904, p. 30. 
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The Diamond Pipes and Fissures of South Africa 
(Read 25th September, 1905). 

By Harold S, Harger. 

The diainond mines of South Africa, both on account of their great 
economic value and on aocount of their intereet from a geological and 
mineralogical standpoint, form a subject which I venture to hope has ii^t 
been 80 fully discussed as to preclude the possibility of my lajing a few 
new and interesting facts before you. 

Although this country possesses the greatest diamond mines the world 
has yet discovered, there seems to be a dearth of modem literature 
relating to their character and formation, and this fact, coupled with a 
desire to correct a few misconceptions which have arisen in the past, is my 
exouse for presenting at some length my own obsenrations amongst the 
numerous dianiond mines which are known in South Africa. 

It is popularly believed that the volcanic pipes and fissures containing 
the matrix of the diamond, which Professor CarTÍU Lewis aptly named 
kimberlite, are yery limited in number, and to be found only within a few 
areas, such as those of Kimberley, Jagersfontein, Koffyfontein, and the 
Pretoria district. At one time there was a fírm belief that no diamond 
mines would be found outside of the Kimberley area and the line of weak- 
ness, ternied by old diggers '* The Diamond Belt,*' which was supposed by 
Penning* and many others to connect the Jagersfontein Mine with the 
Kimberley Group. But this idea has been entirely exploded, for the pipes 
and fissures containing kimberlite number many hundreds, and exist all 
over South Africa, from the central and northern portions of Cape Colony, 
throughout Griqualand West, in parts of Damaraland and Rhodesia, also 
north of the Zambesi, and as far east as British East Africa. Returning 
south to the Transyaal we find them in the Pretoria district; and strong 
indications of their existence in the Bloemhof distriot have also been 
found; whilst in the Orange River Colony, there is hardly a district 
between the Wesselton Mine near Kimberley, the Drakensberg Range, and 

* " Gold and Diamonds," by W. H. Penning, F.G.S., 1901, p. 5. 
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the Orange River, in which the much-sought-for volcanic breccia has not 
been discovered. 

It is in Central South Africa, however, that the most important 
and numerous vents occur. They are found in the great sedimentary 
foi^-mations, grouped together as the Karroo System, which consists of 
í^^í'fluviatile and lacustrine rocks, deposited in Triassic times. These beds 
cover a great portion of Cape Colony in the north and north-west, the 
entire Orange River Colony, and a great portion of Griqualand West 
They have a maximum thickness of 14,000 feet, exclusive of the volcanic 
lavas 4,000 feet thick, which overlie them in the vicinity of the Drakensberg 
Range.t Taken in order, from the lower rocks upwards, they consist in 
Cape Colony of : Dwyka (glacial) Conglomerate, etc., 2,300 feet; Ecca 
Shales, 2,600 feet; Beaufort Beds (sandstones, etc), 6,000 feet; Molteno 
Beds (coal, sandstones, conglomerates and shales), 2,000 feet; Red Beds 
(mudstones, with dicynodon fossils), 1,400 feet; Cave Sandstones, 800 
feet.J Their deposition commenced in glacial times with the Dwyka 
shales and conglomerates, and oontinued through vast ages of time, during 
which almost the entire sub-continent was under water. The deposition 
of these íluviatile and lacustrine beds was accompanied by a gradual 
subsidence or depression of the whole formation, during which faulting 
and fracturing of the earth's crust doubtless occurred, assisting the 
infiltration of the overlying waters, and ultimately influencing intrusions 
of basic igneous rocks such as dolerite and basalt over a wide area during 
the deposition of the Molteno Beds and Cave Sandstones; the whole of the 
series being af terwards raised again by stages to its present level. At the 
close of the great period of immersion which had ensued violent quakes 
and explosions occurred, shattering and faulting the earth's crust over a 
great portion of South Africa, causing huge rents or flssures, which 
facilitated the formation of numerous volcanic pipes, and resulting in 
enormous outpourings of basic lavas along that section of the country 
mainly occupied by the Drakensberg Range. How far these lava sheets 
spread themselves out is at present uncertain, as great denudation has 
since íntervened and swept away much of the upper strata that once 
eiisted, but that they were of great extent seeins evident from their 
thickness in some places, and there is certainly evidence, though perhapa 
slender, which suggests that these lavas extended across the Orange River 
Colony at least as far as Jagersfontein, as I shall show later, and a portion 
of the Winburg district. They are commonly of an amygdaloidal nature, 
and closely resemble in some parts the Bushveld Amygdaloid of the Spring 
Bok Flats, north of Pretoria, which has been placed by Dr. G. A. F. 
Molengraaff below the Dwyka Conglomerate.§ Both contain the same 
zeolites, calcite, hyalite and agates, and I quite expect to find ultimately 
that they will be correlated as belonging to the great Drakensberg outburst, 
which closed the Triassic period in this country. The great thickness of 
the Drakensberg lavas was due, not to one, but to successive outflows, and 
they consequently vary greatly in different places. In some portions the 



t "The Oeology of Cape Colony," by A. W. Rogers, F.CÍ.S., 1005, p. 211. 
X " The Cíeolog>- of Cape Colony," by A. W. Rof,'ers, F.G.S.. 1905, p. J47. 
§ '*The Geology of the Transvaal," by Dr. (J. A. F. Molengraaff, 1904, p. 56. 



Digitized by 



Google 



112 TRANSACTIDNS OF THE GEOLOGICAL SOCIETY OP SOUTH AFRICA. 

rock seems to have been thoroughly saturated with water, for the cayities 
were yery numerous, and now contain scolecite, natrolite, and other zeolites 
and calcite, forming about 40 per cent. of the entire rcck. In other places 
Biliceous amygdules, such as agates, carnelian, jasper, chalcedony, quartz, 
seem to replace the zeolites ; and lastly come those portions so pecuíiar to the 
Drakensberg lavas, in which the steam holes were numerous, and hav© been 
iilled in with silica, forming round translucent stems from J-inch to J-inch 
thiok, usually termed *' pipe " amygdules. In the period just prior to and 
accompanying these lava flows, the whole of the region occupied by the 
Karroo System was subjected to numerous smaller and more local 
intrusions of basic igneous rocks, such as dolerite and basalt, which now 
form innumerable conical kopjes, also flat-topped hiUs dué to sheets and 
intercalations, and a veritable network of dykes from mere stringers in 
Bize to prominent ridges, hogs' backs and ranges of hills. These basic 
igneous intrusions form to-day one of the most typical and prominent 
features in the landscape of the great Earroo, the Orange River Colony, 
and Griqualand West; and it is this much disturbed piece of country 
whioh possesses so many diamond pipes and íissures. That the origin and 
cause of these widespread basic igneous intrusions, and the diamond pipes 
and fissures which followed immediately in their wake, is clearly akin to the 
causes which have produced great volcanoes and flssures in other countries 
seems evident. Here for vast ages the land was submerged, and during 
that period the overlying waters formed ready passages for infíltration 
along lines of weakness and f ault planes. This water accumulated at great 
depths in considerable quaniities, as the extremely vesicular structure of 
some of the Drakensberg lavas indicatee, and would generate enormous 
quantities of steam; whilst the uplifting of the country from its 
previously depressed position, and the draining oQ of the waters and 
denudation of strata, would remove a great deal of pressure, thus 
faoilitating the violent liberation of subterranean gases, which is believed 
to be a primary cause of explosions and volcanic action.|| According to 
Prof. Bonney and other scientists, water causes volcanic action, and its 
withdrawal mitigates such action, and ultimately terminates its life.lí This 
theory seems to coincide very well with the conditions which ruled here. 
The igneous intrusions of dolerite and allied rocks probably occurred in 
later Triassic times, if indeed their greatest activity was not in Jurassic 
times. The intrusions of ultra-basic rocks which formed kimberlite pipes 
and fissures were later still — that is to say, they have in every known 
instance passed through the youngest amygdaloidal lavas and dolerites 
which are found near them. Both tne dolerites and kimberlites are Sn 
every case of later date than the acid igneous intrusions of South Africa, 
and thereby coincide with similar occurrences of basic ejections in other 
countries, which are most commonly Tertiary (therefore younger than ours), 
but nevertheless of later date than most acid igneous intrusions. These 
basic intrusions having taken place after the strata in which they occur 
had long been subjected to thorough saturation by water, justifies us in 
assuming the prime cause of these outbursts to be the expansive force of 



II ** Volcanoes," by Prof. J. W. Jiidd. F.R.S., p. 3fi. 

II" Volcanoes." by Prof. T. G. Bonney, F.R.S., 1902, p. 287. 
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great masses of iinprisoned vapour, wliich, we know, did exist in the basic, 
and doubtless also in the ultra-basic zones. Some of the lavas, according to 
Mr. A. W. Rogers, were apparently poured out whilst portions of the 
Karroo Formation were still under water, during a period of contempor- 
aneous deposition and erosion, but whether any of the diamond pipes and 
fissures were formed under these conditions is a debatable point. I am 
not aware of any evidence which clearly points to the diamond pipes being 
of a sub-aqueous nature, although such an origin has been attributed to 
them by some geologists. 

There are two kinds of volcanic pipes occurring in the Earroo 
Formation, and there appears to be a close relationship between them. 
The first description played an important part in the Drakensberg, and 
seems to have immediately preceded the kimberlite pipes of those parts 
and elsewhere. The former I will briefly refer to as the Stormberg 
volcanoes, so fully and ably described by Mr. Rogers in his work on the 
* * Geology of Cape Liolony." They vary greatly in size, f rom a mere blowhole 
4 yards in diameter, to a pipe one mile in diameter, which latter is the size 
of a vent in the vicinity of Matatiele. They are closely associated with great 
dykes, which were formed contemporaneously, and like the latter, ejected 
great sheets of amygdaloidal and doleritic lavas. Some of these pipes are 
plugged entirely with dolerite, whilst others are filled partially with the 
same rock and partially with igneous agglomerate. The dolerite was the 
first rock to flow, whilst the agglomerate is said to be due to the final 
explosive outbursts.^ The agglomera{e is of a dark-blue colour, und 
includes large fragments of lavas and sedimentary rocks, similar to the 
kimberlite pipes, but the matrix is largely composed of quartz grains, and 
also contains abundant orthoclase and microcline felspars, a feature almost 
entirely absent from the diamondiferous kimberlite. Other minerals 
enclosed by the matrii are zircon, rutile, Kornblende, tourmaline, musco- 
vite and garnet, nearly all of which are commonly met with in true 
kimberlite. Mr. Rogers believes the Kimberley type of vent to be of much 
later date than the Stormberg volcanoes, although somewhat resembling 
them, as the former gave exit to lavas which flowed at the surface, whereas 
the later or kimberlite pipes did not. In this I quite agree with him, for 
I have f ound in the blue ground of Jagersf ontein Mine, which is to-dáy^ at 
the base of the Molteno Beds horizon, masses of a red sandy mudstone, which 
breaks with a smooth f racture, and exactly resembles the Red Beds which 
underlie the Cave Sandstones. The same rock is found in masses in the 
Lace Mine. That these blocks of stone belong to the Red Beds I feel sure, 
as no such strata are known to exist below the Molteno Beds. In addition to 
this evidence, there are masses of sandstone which may have belonged to 
the Cave Sandstone, thereby pointing to the denudation of many hundreds 
of feet of once overlying strata of the Upper Karroo System. But this 
is not all ; I have found lumps of amygdaloid, the cavities of which are 
filled with natrolite, pectolite and calcite, exactly corresponding to tlie 
amygdaloidal lavas of the Drakensberg. The same thing occurs at the 
Monastery Mine, which is to-day in the uppermost strata of the Molteno 
Beds at their junction with the Red Beds. We know of no lava rocks 

• " The Geology of Cape Colony," by A. W. Rogers, F.G.S., 1905, p. 218. 
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identically the saiue as those of the Drakensberg at any lower horizon. It 
is therefore a fair assumption that the amygdaloidal lava sheet of the 
Drakensberg extendcd well into the Orange River Colony, and solidified 
before the diamond pipes were formed, as the latter evidently pierced the 
sheet, and f ragments of it were caught up and enclosed in the blue ground. 
Since the formation of the diamond pipes of the Orange River Colony and 
Griqualand West, there has been a vast amount of sub-aerial denudation. 
As one approaches the Drakensberg, the monuments of denudation are 
everywhere in cvidence, great hiUs and mountains having been carved out 
by its agencies. High up in the Cave Sandstone, near Fouriesburg, at 
6,000 feet altitude above sea level, quite close to the lava sheeta, two known 
diamond pipes occur, and in them lumps of Drakensberg lava can be 
found, proving, at least, that they intersected the latest beds of the Karroo 
Sx-stem; but as one travels westward to lower altitudes (from 5,000 feet 
to 4,500 feet) the Cave Sandstones and Rcd Beds, which contain both 
diamond pipes and fiíisures, gradually disappear, and large tracts of Molteno 
carbonaceous shales and micaceous sandstones take their place. In these 
beds down to the Ecca horizon many j^ipes occur, including the Jagers- 
fontein, Vogelfontein, New Driekopjes, Robinson, Lace, and others. Still 
further west the Molteno Beds gradually die out, and as one approaches 
Griqualand West, at a constantly lowering altitude (from 4,300 feet to 
4,000 fect) the geological horizon consists of Ecca Shales, in which the 
Kimberley pipes occur. The country is here flutter, and on that account, 
as'also because of the absence of local spruits and rivers, it has bee^i 
assumed that Kimberley pipes passed through no newer rocks than these 
Ecca Shales. But with this I do not agree. The great denudation which 
occurred in the Orange River Colony swept away entire formations, 
hundreds of fcet in thickness, and evideuce existB to prove this. Some of 
the sediments were carried away by the Orange, Modder, Vct, Vaal, and 
other rivers, but the formation between these rivers (which are many miles 
apart, and in flat country) has gone to fiU up great hoUows in what was 
once a much more uncven surface than exists to-day. The same has 
apparently occurred around Kimberley. There are no rivers nearer than 
twelve miles distant, but some of the denuded sediments have filled the 
numerous hollows and undulations which once existed, and levelled up the 
country to its present flat aspect. This has been proved by many pro- 
specting shafts, which have j»enetrated 30 foet and 40 feet of sand and other 
loose sediments and soils. That other strata overlaid the Ecca Shales is 
amply proved : (1) By Stowe's excellent geological maps made in the early 
days of Kimberley, wherein he depicts great masses of sandstone in the 
yellow ground near the surface of the Kimberley Mines.f (2) The dis- 
covery of a fossil fish in sandstone in the Wesselton Mine.J (3) The 
presence of an enormous lump of purple shale in Bultfontein Mine, which 
Penning states was '* similar to that which now occurs many miles to the 
east at a much higher elevation.'*§ The three facts just quoted are to me 
convincing proofs that the Upper Karroo Formation overlaid the Ecca Beds 
when the Kimberley pipes were formed, for no such sandstones or red beds 

t Stowe's (unpublished) Notcs on the Diamond Fields. 

X *' The Diamond Mines of South Africa," by G. F. WilUams, 1902, p. 486. 

§ '* Gold and Diamonds," by W. H. Penning, F.G.S., 1901, p. 4. 
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exist below the Ecca Shales at Kimberley. Moreover, half-a-dozen varieties 
of fossil íishes occur in the Karroo System (Beaufort Beds), so that the sand- 
stone fragments found in these mines could, and probably did, belong to 
the once overlying Karroo Sandstones ; and Penning's remark concerning 
the red shale distinctly refers to the Red Beds found in the eastern districts 
of the Orange River Colonv. As the Kimberley pipes are the lowest in the 
Karroo System, and contain evidence of haviug passed through the newer 
Karroo strata, I think it highly probable that the whole of the diamond 
pipes and físsures found in the Ëcca and later formations were contempor- 
aueous; that they are undoubtedly the latest eruptives of South Africa, 
Bubsequent to the Drakensberg volcanic outbursts; and either of late 
Triassic or Jurassic age. 

With regard to the pipes of the Pretoria district, it is generally 
admitted that, although several are situated in the Magaliesberg Quartzites, 
they are really of later date than the Waterberg Quartzites and Sandstones, 
as the Premier pipe passed through the latter formation, fragments of 
which are found in the pipe matter. But there is also ample evidence to 
prove that the pipes of this district penetrated the diabase and dolerite 
flows, which are a noticeable feature of this locality, as the blue ground in 
most of these pipes contains rounded fragments of these basic rocks, and 
in some instances the uppermost portion of the walls consists of diabase. 
Like the dolerites and diabases of the Orange River Colony, Cape Colony, 
and Griqualand West, those of the Pretoria Diamond Fields are of com- 
paratively recent date — certainly late Triassic, if not still more recent, for 
I have found them penetrating and overlying the coal measures south of 
Bronkhorstspruit, which is about fifteen miles east of the Pretoria diamond 
pipes. From one to twelve miles south of Bronkhorstspruit Station, a 
continuation of the Pretoria diabase sheet is found, accompanied by local 
intrusions of dolerite, which in places are heavily impregnated with 
magnetite and ilmenite. In this locality a succession of all the sedimentary 
formations of the district can be seen, namely, Pretoria Beds (both lower 
and upper), Waterberg Sandstones, Dwyka Conglomerate, Coal Measures, 
and a yellow ferruginous shale, sometimes termed Magaliesburg Shale. 
The dolerite is younger than all of them ; moreover, the rough eroded land 
surface, over which the diabase or dolerite flowed, suggests that a lengthy 
period of denudation had intervened between the last deposition of strata 
and the basic igneous intrusions. Bearing this in mind, together with tho 
fact that these basic rocks have been penetrated by the diamond pipes of 
the district, it is not improbable that the Pretoria diamond pipes were 
contemporaneous with those occurring in the Karroo System. 



aEOLOOICAL AND MINEnALOGICAL CHARACTERISTICS. 

Portunately for South Africa, the diamond pipes are plentiful, and 
do not occur singly, but usually in groups. If a pipe is found in a new 
locality, a careful examination of the district will almost certainly disclose 
the existence of a few more. In the district of Barkly West, for instance, 
there are probably over fifty, whilst around Kimberley allone within a five 
milc radius of the town there are about fifteen.. In the Sutherland (Cape 
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Colony) locality there are twenty volcanic pipes in one group,|| whilst in 
the Pretoria district, which is isolated far to the north, and in quíte 
different geological country, eight have already been opened up, but others 
in close proximity undoubtedly exist. The disoovery of pipes has in all 
cases been due to surface observation a/lone. In every instance either one 
or niore of the hard, dense weather-resisting minerals usually associated 
with kimberlite are found lying on the surface and in the soil. The few 
minerals whicK usually indicate the presence of a pipe are garnet, ihnenite, 
diopside, enstatite and mica, and one or more of these in fairly plentíful 
quantities is always found immediately overlying the pipe, and scattered 
about in lesser quantities on all sides. The pyroxenic minerals being more 
susceptible to weathering influences are not so frequently found as ilmenite 
and garnet. Sometimes the position of the pipe is depicted on the surface 
by a gentle rise, usually due to the tilting of the strata surrounding the 
pipe ; but cones such as are f ormed by volcanoes of the ordinary type have 
never been observed associated with these pipes. This, however, is not 
surprising, when one bears in mind the fact that the countries in which the 
pipes occur have experienced very great sub-aerial denudation. In many 
cases the tops of the pipes are quite flush with the surrounding surface, and 
in a few cases the area occupied by tha outcrop of a pipe consists of a de- 
pression. For example, a pipe 300 feet in diameter, near Balmoral, Cape 
Colony, mentioned by Mr. A. W. Rogers, lies in a depression from 10 to 20 
feet deep, and another instance at Silver Dam, in Sutherland district, Cape 
Colony, is that of a pipe 180 feet diameter being marked on the surface 
by a shallow pan. These depressions have been caused by the weathering 
away of the pipe matter. In nearly all cases alteration and decomposit iou 
of the kimberlite takes place, but it usually results in the formation of a 
white calcareous tufa, which doubtless protects the surf ace of the pipe. The 
dolerites of the country suffer the same change. This tufa contains many 
of the minerals found in the underlying kimberlite, being merely an altered 
f orm of that rock. It also at times contains a f ew other secondary minerals, 
and is sometimes very compact and hard, reaching a thickness of 20 feet, as 
at the Wesselton Mine. In most cases, however, it does not exceed 6 feet in 
thickness. In the Pretoria district these lime tufas are not found, being 
represented merely by a few small calcareous nodules or concretions, the 
tufa being replaced by limonite laterite of Quartenary age, which sonie- 
times forms a very tough crust over the pipe, as it does over much of the 
surrounding country. Under the surface soil and tufa of the pipes comes 
the ** Yellow Ground," which is the oxidised and altered kimberlite, aud 
varies in thickness from 30 feet to 100 feet; under this is the ** Blue 
Ground " or unoxidised kimberlit^. 

The diamond pipes vary greatly, both in shape and size. The 
majority are inclined to be from round to oval in plan, whilst a few are 
kidney-shaped, and others elongated or lenticular. Some of the latter are 
merely físsure swellings, which at tímes bulge out considerably in the 
middle, whilst the ends narrow down gradually into thin fissure veins or 
dykes, sometimes several miles in length. 



"Geology of Cape Colony," by A. W. Rogers, F.G.S., 1905, p. 217. 
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In size, the pipes must be looked upon as a distinctly diminutive form 
of volcanic neck, a very large majority ranging between 30 yards and 100 
yards in diameter. Only a few exceed the last íigure, and these are not 
only the large pipes of the country, but for some peculiar reason they 
include all of the richer and payable ones. The largest of these is the 
Premier Mine of the Transvaal, which is oval in shape, measures about half- 
a-mile in length, and has a surface area of over 3,200 claims (a claim 
measures 31 x 31 English feet). This is not all pipe area, however, as it 
includes a horizontal wedgelike extension, which boreholes have shown to 
havé a thickness of 150 feet at the end remote from the pipe, and of 
600 f eet at the end near tHe pipe or neck. An apparently similar ocourrence 
is recorded near Sutherland, where a sheet extension is found traversing 
a dolerite flow of older date. These occurrences are, however, rare. 
Next comes Dutoitspan, which is almost as long as the Premier, but 
narrower, and contains 1,440 claims. FoUowing next in order are Koffy- 
fontein, about 1,400 claims; Wesselton, 1,162; Jagersfontein, 1,124; Bult- 
fontein, 1,067 ; De Beers, 622 ; and Kimberley, 470. Why most of the b'ig 
mines should also be the richest is a question which remains to be solved. 
Another feature touching upon the values of different pipes belonging to 
one group and in close proximity to one another is that there is a remark- 
able want of uniformity in the number of diamonds they contain. For 
example, although Kimberley and De Beers are rich mines, there are 
smaller ones in close proximity which are very poor. The same disparities, 
however, usually occur within the pipes themselves, some portions being 
rich and others poor, whilst the quality of the diamonds from one part 
has been known to differ oonsiderably from parcels won from another part 
of the same mine. This peculiarity is reflected in the ground as well as in 
the stones, for some portions of a pipe contain blue ground presenting 
markedly different characteristics from the ground in other parts of the 
mine — that is to say, one patch of ground may be sandy and micaceous 
and show a bedded structure, another may be muddy, whilst a third 
description may contain numerous rounded stones and angular fragments 
of ebale, and break with a rough and uneven fracture. One. description 
in the oxidised zone or yellow ground may be bright yellow and unctuous 
to the touch, and another may be greyish and gritty. These peculiar 
changes are oommon in all the large pipes, and have led to the belief that 
several distinct and successive eruptions occurred. 

The kimberlite or blue ground with which all the pipes are filled 
presents many interesting features for geologists and petrologistfi. It is 
found in many different forms, and in varying stages of preservation and 
alteration. Its included minerals exceed in number those of any other 
rock formation in the world. It is usually a volcanic breccia in structure, 
but less often an agglomerate, and sometimes porphyritic. It has fre- 
quently been termed a peridotite, and by Prof. Carvill-Lewis porphyritic 
peridotite. I think, in the light of more recent discoveries, that it is 
more correctly termed a serpentine breccia than a peridotite, and that the 
serpentine more commonly results from pyroxene than from olivine. In 
the softer forms of blue ground microscopic examination is usually barren 
of results, the mass being too much altered to allow of satisfactory deter- 
minations, except in the case of a few of the unaltered inclusions, such as 
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ilmenite and garnet. Even the very hard blue, locally termed 
" HaTdibank/' shows much alteration, but nevertheless gives the best idea 
of the nature and mineral inclusions of the breccia. In nearlv all sections 
the predominating mineral is a ferro-magnesian silicate, in great part 
altered to serpentine or bastite, but frequently plentiful in large enough 
unaltered fragments to be easily determined. The very small particles 
forming a large percentage of the ground mass are always decomposéd, but 
the larger ones remain unaltered, oi* only partially altered. The most 
prominent mineral is nearly always one or more of the pyroxenes, in some 
cases the monoclinic v^rieties, such as dark green (chromiferous) and bright 
green diopside, in others a rhombic pyroxene, usually enstatite. These 
minerals withstand weathering influences much better than the olivine, 
espeoially the bright green diopside, which seldom shows any alteration at 
ali. In a hand specimen the pyroxenes are sometimes seen to occupy almost 
50 per cent. of the rock, in grains and fragments of various sizes, from 
1 inch in diameter downwards. I have only seen a few mines in which 
olivine predominates ; nor is it often that olivine is found except in the 
microscopic form, and it is then generallý decomposed, or altered. Prof. 
CarviU-Lewis referring to the h^lue^round of the Kimberley Mines, however, 
stated that olivine formed '^'much the most abundant constituent," in 
porphyritic crystals, sometimes well bounded by crystal f aces, at other times 
rounded and with corrosive cavities, such as occur in basaltic rocks. He 
found the olivine distinguished by an unusually good cleavage in two 
directions. Samples selected from Jagersfontein, Vogelfontein, Monastery, 
Lekkerfontein (in Cape Colony), and other mines, show pyroxene as pre- 
dominating over olivine. The other minerals nearly always found are 
pyrope garnet, usually transparent and of fine colour, in fragments of all 
sizes ; mica, usually biotite or vaalite ; also calcite, as a secondary mineral, 
sometimes traversing the mass, and impregnating the serpentine, which is 
always present. The foregoing, with occasional inclusions of porphyritic 
diopside, ilmenite and chromite, and foreign rock fragments, may be said 
to constitute any ordinary piece of hard blue groimd. But the denser 
miherals are not found distributed in equal proportions throughout all 
Ihe pipes in the country, as might be expected. In some mines ilmenite »s 
very plentif ul, and garnet scarcer, as at the Premier ; in others, ilmenite 
is scarce and garnet plentif ul, as at the New Driekopjes, Victor, and others ; 
and again, Ín some the pyroxenes are well represented in addition to the 
other mineral», as at Jagersfontein, Bultfontein and Kimberley. 

In addition to the minerals which help to constitute kimberlite, there 
are numerous rock fragments which have been torn from the sides of the 
pipe during the passage of the blue ground through the earth's crust. 
These rocks include dolerite, granite, gneiss, amphibole and mica schists, 
garnet rock, garnet schist, eclogite, Iherzolite, pyroxenite, slate, quartzite, 
amygdaloidal diabase, and shale. These rocks, it is important to note, are 
nearly always in rounded form, except where a fissile structure, schistosity, 
or perfect cleavage is opposed thereto. If one examines the coarse con- 
centrates or sortings at any diamond mine, the rounded condition of nearly 
all the minerals and the harder and denser rock fragments will be at once 
apparent. Some of the rounded boulders are very large, weighing tons, 
whilst in several of the larger mines, particularly Dutoitspan, Bultfontein, 
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Wesselton, and the Premier, huge rock masses, termed ** Floating Reef," 
thousands of cubic yards in bulk, have been found standing up in the blue 
ground. These masses had in some cases become detached from the sides, 
and had fallen into the pipes ; and in others, the shattering action had not 
been sufficient to entirely detach them. They are usually much fractured 
and broken up, as if they had been subjected to crushing strains and shocks 
within the pipe. The cracks and crevices caused by fracturing are usually 
filled with secondary calcite. The blue ground is also very noticeably 
físsured in most of the mines, and slickensiding is of common occurrence, 
which shows that a settling down movement occurred after the blue ground 
solidifíed. The cracks in the blue are fílled with secondary calcite, as in 
the floating reef. In addition to the cracks, many small cavities existed, 
and these are usually filled with secondary calcite in bunches of beautiful 
crystals, liaving perfect faces, and crystallising in quite a large variety of 
forms. In some cases the growth of the crystals on the walls of the cavities 
has been arrested, as can be seen by breaking open the geode or mass, which 
usually frees itself from the blue ground when disintegration takes place. 
Although most pipes are filled with blue ground that disintegrates after 
a few months* exposure to atmospheric influences, they all contain either 
small or large quantities of hard blue, usually called ** Hardibank," which 
exposure to air does not affect, and which appears to exist in the form of 
masses and kernels in the softer blue. Some pipes contain hardibank almost 
exclusively, and the same applies to nearly all of the fissures, although the 
upper few feet are usually oxidised. 

In the Jagersfontein and Vogelfontein Mines, only about two miles 
apart, the hardibank in each mine is found in two totally different colours, 
one being a dark, blackish green, and the other a light ashen grey, 
resembling a tuff. It is also found in a very fine-grained homogeneous form, 
quite unlike typical blue, and with fragments of pyroxenic minerals in 
ii. In some instances it contains about 50 per cent. of unaltered pyroxenes, 
principally brownish and yellowish green enstatite, and grass green 
diopside — all large enough to be easily seen by the naked eye. Under the 
microscope the ground mass between the larger fragments is made up of 
serpentine, mica, and a great amount of ilmenite, and fewer garnets. 
Enstatite, diopside and olivine are all present in rounded grains, some of 
Ihe latter, in a serpentinised condition, containing spinel ínclusions.H In 
addition to the foregoing, there is a f air amount of chrome-diopside, zircon, 
cyanite, chromite and calcite, which, however, are not observable in every 
smaP specimen or section. 

The origin of this hardibank, and also of the blue ground, is clearly 
due to the breaking up cf ultra-basic rqcks, such as pyroxenite, eclogite 
and Iherzolite, but olivine is nearly always present, although in minor 
quantities. The constitution of the Vogelfontein hardibank is similar 
to that of the softer blue ground from the same mine, the only marked 
difference being in the reduction of the ferric oxide and increase in alumina. 
Why one mass of the kimberlite f rom a given mine should be extremely hard, 
and another very soft, is a question for chemists. I give several analyses 
for purposes of comparison : — 



T Detenuineil hy M. Weher, Ceological Museum, Johannesburg. 
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CONSTITUENTS. 


No. 1. 


' No. 2. 


No. 3. 




Per cent. 


Per cent. 


Per ceiit. 


WateratlOO^C 


0-25 


0-43 


5-47 


Loss 011 ignition 


10-U 


1 7-83 


6-31 


Silica(SiO.J 


38-08 


' 33-42 


36-57 


Ferric oxide (Fe.j O-j) 


24-48 


1 23-84 


13-75 


Ferrous oxide (Fe 0) 


2-59 


3-52 


4-68 


Alumina(Al2 O3) 


2-46 


0-94 


509 


Lime(CaO) 


414 


9-84 


8-49 


Magnesia (Mg 0) 


12-88 


1 10-80 


11-85 


Soda^Na^O) 


M2 


, 0-97 


2-55 


Potash(K. 0) 


0-84 


0-86 


0-64 


Carbon dioxide (C Oo) ... 


1-67 


5-88 


4-61 


Phosphoric oxide (P^ O5)... 


0-67 


0-89 


0*58 


Chromic oxide (Cr^ 0.j) ... 


trace 


trace 


trace 


Manganese dioxide (Mn 0«) 


tracc 


1 nil 


nil 


Titanium dioxide (Ti 0.,) ... 


nil 


nil 


nil 


Sulphur (S) 


trace 


1 trace 


trace 




99-32 


1 99-22 


100-59 



No. 1— A liard, dark hardiliank from Voíifelfontein Mine. 
No. 2— A .softer, lijjht hardibank froni Vogelfontein Mine. 
No. 3— A soft blue jpround from Vogelfontein Mine. 

The hardest sample contains the highest percentage of silica, ferric 
oxide and magnesia, and much the smallest amount of carbon dioxide. 
The next table gives an analysis of SchuUer hardibank, which is probably 
the hardest form of kimberlite known, as it was actually outcropping above 
the surface soil; also of Kimberley blue, and of foreign pyroxenite and diabase. 



CONSTITUENTS. 



Water at 100' C. 
Loss on ignition 

Silica^SiOa) 

Ferric oxif\e (Fe.^ Oy) ... 
Ferrous oxide (Fe O) ... 
Alumina (Al« O^) 

Lime(Ca.O)" 

Magnesia» ( Mg 0) 

Soda(Na., O) 

Potash (K., 0) 

Carbon dioxide (C 0«)... 
Phosphoric oxide (P.^ 0^) 
Chromic ojcide (Crg O3) 
Sulphur (S) 



No. 1. 



No. 



Per cent. 
1-02 
7-65 
42-41 
7-94 
3-59 
902 
8-35 
17-26 
trace 
trace 
3-53 
trace 
trace 
trace 



Per cent. 

6-ÓO 
3300 



12-00 

9-60 

32-38 

0-67 

7-05 



No. 3. 



Per ccnt. 

6-56 
3906 

[ 12-90 

12-84 
5-98 

22-76 
0-11 
019 



100-77 



100-70 



100-40 



No. 4. 



Per cent. 
4-42 

43-61 

3-51 

12-16 

12-26 

11-37 

914 

2-72 

0-81 



10000 



No. 1— Hardibank from the Schuller Mine, Pretoria. 

No. 2 — Blue ground from the Kimlierley Mine (Rosenbosch).* 

No. 3— Soapstone (dec-omposed pyroxenite) f rom Albemarle County, Virginia, U.S.A.t 

No. 4— Fresh baaalt from Kammar Bull, Bohemia. 



* "Geological Features of the Diamond Pipes of Pretoria District," by Herbert 
Kynaston, F.G.S., and A. L. Hall. 

t " Rocks. Rock Weathering and Soils," by G. P. Merrill, 1904, p. 101. 
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The most noticeable feature in the last table is the high percentage 
(if maguesia and absence of iron oxidee in the Kimberley blue, and the high 
perceutage (for kimberlite) of silica in the SchuUer hardibank, which 
coincides with the amount in the diabase. Taken all together there 
appears to be nothing in the chemical constituents to have caused hard- 
ness in one rock and softness in another, except the presence of carbon 
dioxide and ferric oxide, the former being higher in the soft and the 
latter higher in tlic hard samples. Whether the condition of hardibank 
is due to heat or other causes remains to be proved; but I believe heat 
has been the principal factor. Sir WiUiam Crookes l failed to observe 
auy signs of fusion or great heat in Kimberley blue ground. Perhaps 
some of the pipes were not subjected to great heat. This I hope to discuss 
ou a future occasion. But some of them certainly were in a state of 
incuudescence, though whether only in the early or opening stage I am 
uot prepared to say. The discovery of a lump of fused and somewhat 
scoriaceous agglomerate in a diamond miue on Spytfontein, near 
Kimberley, proves unmistakably that in this instance there was cer- 
tainly great heat. It is a fused mass made up of sundry sedimentary 
uud metamorphic rock fragments, mixed with a little hard and altered 
kimberlite. A piece of siliceous-looking kimberlite found in a little 
pipe near Fouriesburg, Orange River Colony, was distinctly scoriaceous 
nnd cellular, being full of small steam holes, and rough and harsh to the 
touch. It certainly presents the appearance of a rock that has been 
subjected to heat. It is also noteworthy that pumice has been found in 
Jagersfontein mine. Professor Carvíll-Lewis referred to shales found in 
blue ground as ** more or less baked and altered." I have seen a similar 
alteration of shales in dark hardibank, apparently due to heat, but 
suggestive of baking rather than fusion. The centre of the fragments is 
usually grey, surrounded by a thin, whitish, well-defined zone due to loss 
of colour, and conveying the impression that the outer zone had been 
heated, and thus has become altered more than the ceutre. 

I have also observed distinct metamorphic zones (evidently due to 
heat) surrounding fragments of rocks in fissure hardibank. Zoniug, 
due perhaps to heat, and also to chemical action and resulting meta- 
morphism, is one of the most interesting features of kimberlite, especially 
of the harder varieties. Rings aud shells of kelyphite are particularly 
well developed in the Monastery and other miues, and will be referred to 
niore fully later on. Serpentine zoning is also very noticeable at the 
same mine, and also in a hardibank at Dutoitspan, in which almost every 
porphyritic mineral and rock fragment is surrouuded by zones due to 
serpeutinisation and the action of lime in solution, which appears to 
crystallise in the ground mass around many of the included fragments. 
Even ilmenite, which usually is not associated with zoniug in kimberlite, 
is in the last instance surrounded by a well-defiued metamorphic zone. 
Bronzite has also been observed with a remarkable zone showing a centric 
pegmatitic or choudritic structure, similar to what occurs in meteorites, 
and containing a raineral having the optical characters of cyanite.§ A 



P. 



t " Diamonds," by Sir W. Crookcs, read before Royal Institntion, 1897. 

S Mitcheli's ** Manual of Practical Assaying," edited by Sur W. Crookes, 1888, 
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close study of this zoning, with a view to ascertaining its causes and 
effects, might be productire of niost instructive and interesting data 
relating to kimberlite. Another feature of blue ground rarely met with, 
and deserving of mention, relates to a muddy condition instead of the 
usual brecciated structure. This occurs in the Lace Diamond Mine, and 
consists of botryoidal lumps or bunches, formed by pellets of fine blue 
mud, with smooth, polished exteriors, cemented together by blue ground 
and calcite. The pellets are both round and oval, and vary in size from 
a pea to a small marble. They are soft, feei slightly unctuous to the 
touch, and are of an amorphous nature. Their appearance is Buggestive 
of a rounding and polishing action in a soft, steam or water-saturated 
volcanic mud. Much of the typical soft blue ground containing rounded 
stones and minerals, more characteristic of conglomerate than an igneous 
breccia, has evidently been subjected to the same action, giving it the 
appearance of a *'boiled plum pudding rather than a baked one," an 
operation probably of lengthy duration, in which everything was churned 
up as in a mighty, boiling cauldron, into which was injected, periodically, 
masses of vapour-borne mud and occasionally magma in a state of 
incandescence. 

The apparently contradictory statements due to the individual 
observations of several leading authorities may, perhaps, be accounted for 
in the above way. 

The question of the geological origin of the diamondiferous pipes 
has resulted in several theories being formulated, but all of them seem 
to have met with some opposition. One theory attempted to show that 
the pipes had been formed without explosive force, by a creeping, eating- 
away process, until the surface was reached. That theory might have 
been based on the absence of craters, cones, and ejected materials on the 
surface around the pipe; but the contents of the pipes alone prove it to 
be untenable, whilst the tilting of the strata all round the pipes, and the 
sliattering of the in-falling rock masses, indicate that subterranean 
explosive force, exerted with violence, was the prime factor in the forma- 
tion of the pipes. In most cases the shales or sandstones in which the 
pipes occur are tilted at the line of contact, the dip being always 
outwards or away from the contact, and sometimes as sharp as 
80 degrees. The dip, however, usually dies out a few yards from the 
contact, which suggests explosive force of high velocity. The consistency 
regarding an outward dip is remarkable, and apparently peculiar to the 
South African diamond pipes. Tn extinct volcanoes in other parts of 
the world an inward dipping of the strata is the characteristic feature, 
and was explained by Sir A. Geikie || as due to the weight of super- 
incumbent ejected materials bending the strata downwards. As the 
reverse is the case here it seems probable that our volcanic pipes did not 
eject sufficient material to build up cones of great size, as other volcanoes 
do. In the Kimberley mine, at a considerable depth, I believe there is 
hardly any tilting of the formation observable. This can be 
accounted for by the increase in the pressure which would be exerted by 
the superincumbent strata as the depth from the surface became greater. 

II " Ancient Volcanoes of Great Britain," by Sir A. Geikie. 
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Near the surface there would be less resistance offered to the up-rising 
rock than at some depth, and tilting would easily and naturally result, 
causing an enlargement of the upper part of the pipe. 

THB DIAMOND FISSURES OF SOUTH AFRICA. 

Although the forniation of the South African diamond pipes has 
received some attention from geologists, the diamondiferous fissures which 
are so closely associated with them seeni to have been ignored. They are 
quite as numerous, if not more numerous than the pipes, but they are 
not so easily located nor so rauch sought after, being usually too poor 
aud diminutive to be successfuUy mined. They vary in width from a 
few inches to 100 feet, and in some cases swell out into oval or round 
shapes like the pipes, which they then resemble in every other particular. 
They are filled with kimberlite, frequently containing diamonds and all 
the other minerals usuaily associated therewith. Some of the fissures 
have been traced for distances of several miles on the surface without any 
indication of swelling, and in such cases the kimberlite in them differs 
in appearance (though not greatly) from ordinary pipe matter, contain- 
ing a markedly less quantity of foreign rock, being less 
brecciated and more porphyritic, and at times slightly arenaceous, 
and nearly always very micaceous. AU the prominent minerals 
of the true pipes are also found in the fissures, the most notice- 
able being ilmenite, garnet, enstatite, chrome-diopside, and other 
pyroxenes, biotite, vaalite and other micas, zircon, cyanite, and 
occasionally big lumps as well as smaller fragments of eclogite and 
pyroxenite. The ground in the fissures, however, is more commonly hard 
than soft, and usually of a dark greenish to black colour like basalt. The 
pyroxenes and olivine are nearly always plentiful, and in one or two 
localities make up the greater bulk of the rock. Under the microscope 
a very dark specimen from the Cape Colony showed enstatite, olivine, 
diopside, and vaalite, which were separated from one another by narrow 
bands of serpentine containing a considerable amount of ilmenite.H The 
pyroxenes were idiomorphic (which is not usually the case), and sometimes 
corroded, whilst the mica appears to have undergone a change, due, 
perhaps, to pressure, as the outer edges were bent and contorted. Being 
fissure or dyke matter it is hardly to be expected that it will be micro- 
Bcopically exactly the same as pipe matter, which has been subjected to 
different conditions, but where the fissures have opened out and volcanic 
action has ensued, the same phenomena are seen in them as in the true 
pipes. That is to say the blue ground assumes a brecciated structure, 
contains a more muddy base, and is full of broken and rounded boulders 
and rock fragments of all kinds. The Monastery Mine, indeed, which is 
clearly a fissure pipe or swelling, and has big fissures entering it from 
two opposite directions, contains a íine xt^riety of minerals, and they all 
(except the diamond) assume very large dimensions. The ilmenite and 
garnet are found in rounded lumps of all sizes up to about 5 inches in 
diameter; a transparent to translucent chrome-diopside up to 3 inches, 

f Determined by M. Weber, Geological Museuui, Johannesburg, 
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vaalite 2^ inches, enstatite 2 inches, zircon 1 inch, hypersthcne with a 
coppery lustre 2J to 3 inches, and magnetite occasionally 4 inches. The 
garnets are sometimes surrounded by kelyphite rings half an inch wide, 
and the pyroxenes with úne broad bands of serpentine. The pyroxenites 
and eclogites are also unusually plentiful, and some of the varieties are 
exactly the same as found in the Bultfontein and Jagersfontein Mines. 

The Monastery is, from a mineralogical point of view, the most 
interesting diamond mine in South Africa, but it is nevertheless a fissure 
pipe. Several of the other large mines are also probably físsure 
eruptions. There is a fissure extension to Jagersfontein, also to Wessel- 
ton, to Kimberley, to Driekopjes, to Kamfersdam, and to many of the 
smaller pipes unknown to fame, proving that the fissures and pipes are 
closely related the one to the other. That such should be the case is not 
peculiar to the diamondiferous volcanic pipes of South Africa. Stromboli, 
Vesuvius, and many other active volcanoes have numerous fissures or 
dykes dissecting them ; and in a large number ^f instances, especially in 
the Lipari Group, the volcanoes have originated on fissure lines. That 
inost volcanoes originate upon lines of fissuring or of structural weakness 
in the earth's crust there are many convincing proofs; and Professor 
Judd has ventured the statement that ** all volcanic outbursts are truly 
fissure eruptions,"* adding that the materials ejected from the fissures 
are usually emittcd in greatest quantities at one or more points along the 
fissure, volcanic vents being thus established, That such has been the 
case in South Africa, where the diamond pipes aud fissures are so 
intimately associated, and their connection easily traced on the surface, 
there is certainly no room for doubt. The Monastery Mine alone offers 
the most convincing evidence of this, and tliere are many other good 
examples to show in further substantiation of this statement. 

THE BCLOGITES AND PTROXENITES. 

Kimberlite being a volcanic breccia naturally contains fragments and 
particles of the mauy rocks in the earth's crust which the various pipes have 
dissected, but the predominating minerals, which can be better observed in 
the hardibanks than in the soft blue, are, as previously pointed out, ferro- 
magnesian silicates. These silicates are pyroxenes and olivine, the latter 
usuíilly in smaller quantity than the former. Of the pyroxenes a yellowish 
green enstatite with fíbrous cleavage and the more common brownish variety 
probably predominate; hypersthene is scarcer; but diopside of various 
shades, including the dark and bright grass-green varieties, sometimes 
with chrome and very often without, is often met with, These minerals 
are always found in kimberlite unless it has undergone a considerable 
change through a process of hydration to which most of them, except the 
last-named, are very prone. They are found in fragments of all sizes, 
up to several inches in diameter, though they are not commonly so large 
as this. A careful examination of the rocks and minerals found in the 
mines shows that these ferro-magnesian silicates are always in a broken 
or fragmentary condition, indicating that they belong to some deep- 

♦ ** Volcanoes," by Prof. J. W. Judd, 1885, p. 188. 
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seated zoiie of rock which has been shattered to pieces duriiig the 
bursting tlirough of the pipcs and fissures. A search for the parent rock 
wiU usually bring it to light in the form of an eclogite, Iherzolite or 
pyroxenite; and these ultra-basic rocks will assuredly contain the 
identical ferro-magnesian silicates whicn are found in a fragmentarj 
condition in the kimberlite. In a true peridotite such as Professor 
Carvill-Lewis and others have mentioned, the predominating mineral 
should be olivine, but none of the ultra-basic rocks, usually grouped 
locally under the name of eclogite, that have come to my notice are true 
peridotites. The pyroxenites and Iherzolites are usually more plentiful 
than eclogite, and are found in lumps as coarsely crystalline granular 
aggregates of varying sizes, from half an inch to 8 or 9 inches in 
diameter. Boulders as large as 18 inches in diameter have also been 
noted, but these are uncommon. Except in rare instances all these ultra- 
basic rocks contain garnet, usually rich, blood-red pyropes, in rounded 
]>henocryst8, whilst the rhombic and monoclinic pyroxenes are generally 
intergrown. The garnets are rarely seen with crystal faces in these rocks, 
and they are sometimes very round, smooth and polished when seen in situ, 
Occasionally they are allotriomorphic, bui in other instances, notably in a 
}>yroxenite found in a fissure swelliiig on Secretaris, near Kimberley, 
they are so round and smooth that their condition cannot have been 
influenced by the crystallisation of the surrounding pyroxenes. Tbeir 
appearance suggests that they first crystallised and were afterwards 
rounded before coming into contact with the pyroxenite in which they 
occur. Under the microscope a pyroxenite from Jagersfontein shows 
hypersthene, enstatite, diopside, vaalite (a variety of mica akin to if 
iiot the same as phlogophite) and serpentine, usually in a network of 
cracks in some of the pyroxenes. A Iherzolite from the Monastery 
contained a light yellowish green enstatite, emerald green diopside, and 
olivine, all intergrown. An eclogite from Jagersfontein consists of dark- 
green chrome diopside (predominating), which is often much serpentin- 
ised and then altered to a dull greyish green ; fibrous enstatite, biotite, 
and gíirnet. In some specimens the garnet is yellowish-red and resinous ; 
and in this variety of eclogite foliated graphite occurs in a smooth and 
elliptical form in the serpentinised diopside. Pyrope garnet of a 
beautiful amethystine red also occurs as rounded phenocrysts in some 
specimens. A similar eclogite, when the pyroxenes are unaltered, is the 
most beautiful rock found in the diamond mines, for the reason that the 
diopside is emerald green, and with the garnet forms by far the largest 
portion of the rock. The more interesting features in connection with 
the former variety, however, are (1) the presence of graphite, and (2) the 
presence of a peculiar resinous garnet^ A fragment of garnet of this 
description found in Jagersfontein Mine, where this eclogite occurs, 
contained a diamond. In this most interesting little specimen, which is 
the property of Mr. David Draper, the garnet is a dirty, resinous, nearly 
opaque, rounded fragment, but the diamond is a complete macle crystal, 
with numerous triangle pittings and etchings on its faces. Tbe eclogite 
contAÍning a similar garnet to the foregoing also contains the foliated 
graphite already referred to, and is found usually in smooth, polished 
l>oulders or lumps, after the manner of the eclogite of Newlands Mine 
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which Professor Bonney has described, and in which he found ten small 
diamonds. The same polished boulders occur at the Victor Diamond 
Mino in the Orange River Colony. Some of these eclogite boulders from 
the Yictor, however, are different to any others I have seen from a 
diamond mine. Thcy consist of chrome-diopside, garnets and cyanite. 
The garnets are of the dirty, cracked description usually found in 
crystalline schists, and most of them show crystal faces — a 
feature I have never seen in the eclogites of other pipes. 
The resinous garnets in the Jagersfontein eclogite, however, have 
not got kelyphite rims around them as at Newlands. Owing 
to the polished condition of the latter eclogite, Professor 
Bonney considered it to be truly water-worn, possibly derived from some 
sedimentary formation below the Karroo Beds, such as the Dwyka 
Conglomerate. He scouts the theory of a * * cup and ball " game played 
by the volcano in which his eclogite boulders occur. I do not agree with 
Professor Bonney at all regarding this raatter. I feel certain the 
polishing of this eclogite is due entirely to attrition in the pipe, and that 
it was brought to the surface by volcanic action from a very deep-seated 
zone — certainly much below any sedimentary series. We find no such 
eclogites in the Dwyka Conglomerate of this country, nor in any other 
known conglomerate or sediment. Moreover, other boulders are found 
in a smooth and polished state — for example, garnets and ilmenite, which 
occur in big, rounded lumps, some of them quite smooth, in the Monastery 
mine. If Professor Bonney is right, then the same conglomerate 
containing eclogite at Newlands must have been intersected by the 
Jagersfontein and Yictor pipes also---which are more than 100 miles 
away 1 But there is another important matter which I think effectually 
disposes of this * ' water-worn *' theory. At Ruby Hill, near Bingara 
Creek, New South Wales, a true volcanic diamond pipe occurs. It is of 
precisely the same description as the Kiniberley pipes» and like them is 
found in close proximity to basic igneous dykes — in this case basalt. The 
pipe matter not only contains diamonds, but many of the other associated 
minerals. In this breccia rounded boulders of eclogite also occur.f Is it 
merely a coincidence that diamonds are found in a volcanic pipe con- 
taining rounded eclogite boulders in a far distant continent? I think 
there is not the slightest doubt that in New South Wales, as in South 
Africa, the diamond pipes have intersected ultra-basic zones containing 
pyroxenites and ccíogite, and that the latter, being a hard, crystalline 
rock, has been rounded by thc bubbling up and *'cup and ball " action 
of the volcano, and has never lormed part of an aqueous conglomerate 
at all. 

Besides the foregoing pyroxenites and eclogites there are several 
other varieties of ultra-basic rocks for which a name has to bo found. 
One of these is a pretty rock niade up entirely of bright, grass-green 
diopside and phlogophite mica. TTie rock is of a coarse texture, and 
although very micaceous shows no schistosity, the mica being much 
contorted and broken up, and the diopside mixed up indiscriminately 



t ** The Mineral Resonrces of New Sonth Wales," hy E. F. Pittman, Government 
Geolo«?Í8t, Syílney, 19i)l, p. 394. 
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with it. Another rock, which I wiU term a garnetiferous serpentine, is 
cviflently due to the complete alteration of ferro-magnesian silicates, 
probably pyroxenes, which occur in the same mine. It is made up of a 
pretty, yellowish-green serpentine, studded with phenocrysts of garnet. 
The latter are nearly all covered with a clove-brown skin, which may be a 
form of kelyphite. This skin peels off very cleanly, showing the garnet 
underneath to have a very smooth, polished surface. Garnets such as 
these, together with the pyroxenes, olivine and diamond, probably had 
their origin in a deeper zone than any of the other minerals or rocks of 
the diamond pipes, excepting perhaps certain iron ores, to which a very 
deep-seated origin is attributed by some scientists; and I think the blue 
gronnd of the pipes is made up very largely of the ultra-basic rocks 
to which I have referred. 



THE MINERALS OF THH DIAMOND MINES. 

As the minerals associatcd witE kimberlite are of great assistance in 
formulating theories regarding its origin, and also that of the dianíbnd, 
I will refer to them individually, dealing first with the primary minerals : 
that is, those which had crystallised and solidified before the diamond 
pipes were formed. 

Garnet. — This mineral is the first in importance, the variety usually 
found being pyrope, a magnesia alumina variety, of deep, rich red, some- 
times with a beautiful tinge of violet, and less often a lighter rich red, 
approaching the pigeon blood of precious ruby, when it is termed by 
jewellers '* Cape Ruby." The transparent varieties are generally in 
grains, sometimes with a corroded-looking surface, and not more than 
three-quarters of an inch in diameter. A massive, much-fissured variety 
occurs in the Monastery, Secretaris, Lekkerfontein, Jagersfontein and 
other mines in large fragments, usually round, but sometimes flat, as 
though pieces had been split off larger lumps. At the first-mentioned 
pipe examples have been found 5 inches in diameter. These large, 
massive garnets are nearly always covered with a skin or shell of kely- 
phite, as alao are some of the small, transparent graina. The latter, on 
account of this skin, have a smooth surface, and have received the local 
name of ^'Buck-shot Garnets." They are frequently cut and polished 
and set with more precious gems. Most of these small garneta seem to 
have been derived from the destruction of ultra-basic rocks such as 
pyroxenite, Iherzolite, and eclogit^, in all of which they occur as rounded 
phenocrysts. They are also sometimes, but not very often, found as 
inter-growths with pyroxenic minerals. Small, light-coloured fra^ents 
of a different description of garnet are sometimes taken up from 
metamorphic rocks which have been broken through by the pipes. 

A mica-garnet rock found in a small pipe near Redder^urg consists 
almost entirely of biotlte and pale garnets, with a little carbonate of lime 
in the interstices. A similar rock mass occurs in Jagersfontein. Garnet 
and olivine are the only minerals in which diamond has actually been 
found. A resinou»-looking garnet, already referred to, was found to 
contain a macle diamond in Jagersfontein. A pale red pyrope found in 
the New Driekopjes Mine contained five or six small diamonds, which 
had apparently crystalliíïed in a small fissure or crack which passed 
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through it. This íissure caused the garnet to break, thereby betraying 
the diaraonds it contained. The largest stone was about J-carat in 
weight, and the smallest * probably l-20th carat. The diamonds had 
crystallised in a string along the line of fissuring, but were divided by a 
small cavity which had also perhaps once contained a small diamond. The 
precious gem has been found in garnets at the Wesselton, and several other 
mines in the Kimberley Group. Ilmenite, which is generally so plentiful 
in kimberlite, has never been found attached to or intergrown with the 
precious gem. This is a fact worthy of consideration when theorising 
on the genesis of the diamond. Topazolite, a lime-iron garnet, of amber 
colour, occurs in the calcareous tufa, which is a much altered kimberlíte, 
overlying a físsure swelling on Secretaris, and also in a calcareous dolerite 
tufa near Jagersfontein. It is of secondary origin, having crystallised 
in the tufa, and is generally in rhombic dodecahedrons and trapezohedrons. 
It always has crystal faces. The pyrope of the blue ground very rarely 
^hows crystal f aces. 

Ilmenite, the **Carbon'* of the miners, is found in most of 
the diamond mines, in some cases predominating over all the other 
minerals, as at the Premier. It is always in rounded grains, usually 
fractured, and in every size up to a diameter of 4 inches or 5 inches, as 
at the Monastery. The fractured surfaces are usually brilliant with 
metallic lustre. In only one instance have I found it attracted by the 
magnet, and those few fragments came from a pipe near Hanover Road, 
Cape Colony. Ilmenite resists weathering influences better than any of 
the other minerals of the diamond pipes. In the Montrose-Rooikopjes 
pipe near Pretoria, however, it has somehow undergone a peculiar 
alteration, which has iraparted to it a rough slaggy and cindery exterior, 
entirely altering its appearance, and causing a loss of about 60 per cent. 
of its titaniura. Ilmenite occurs in many shapes, most commonly in 
rounded grains, but trequently also in flat lenticular fragments with 
rounded edges. It is never found with crystal faces. An interesting 
intergrowth of ilmenite and enstatite occurs at the Monastery Mine. The 
former mineral occurs in thin shiny plates up to 3 inches long, with a 
thickness seldom over l-30th of an inch, the enstatite being intercalated 
between them. Many of the mines which are rich in ilmenite are poor in 
diamonds, but the reverse is the case at the Preraier. Ilmenit^ rarely 
occurs attached to other minerals, but a f ragmeht of grass green diopside 
which I found at Jagersfontein contained in its centre a piece of ilmenite 
|-inch long by J-inch wide. 

Pyroxenes, both rhombic and monoclinic, are plentiful. Of the former 
enstatite and hypersthene are common, the first-named f requently having 
a pretty, bright yellowish green colour, and resembling precious peridote. 
It is generally termed olivine by miners and prospectors, and is found in 
all the diamond mines. It is often quit^ transparent, and suitable for 
cutting. It usually occurs as angular fragments with fibrous cleavage, but 
sometimes in well-worn oval-shaped grains. In the pyroxenites it is 
generally observed as intergrowths with the other pyroxenes. Hypersthene 
at the Monastery is found in fairly large, though somewhat weathered, 
lumps, with a coppery lustre on the cleavage planes. A greenish brown 
variety also occurs. Of the monoclinic pyroxenes the most common is a 
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bright gras8 green diopside. Chroniiferous diallage and omphacite are 
also recorded as having been found in kimberlite. The grass green 
diopside has a well-defíned cleavage plane, which often displays a shining 
metallic lustre or sheen. At the Jagersfontein Mine it has been found in 
fragments nearly 5 inches in length by 3 inches wide. It is a conmion 
oonstituent of the eclogites and pyroxenites, and is seldom affected by the 
usual prooess of hydration, which causes serpentinisation in the other 
pyroxenes and olivine. Another monoclinic variety of a deep bottle green 
colour, often transparent, usually with a perfect plane of separation, con- 
tains chrome (chrome-diopside), but this variety is very prone to alteratíon, 
and is often found serpentinised. In the Montrose-Rooikopjes pipe loose 
f ragments of serpentine are found, due to the alteration of this mineral. 
These pseudomorphs are well preserved, and show the same perfect 
cleavage planes as the unaltered mineral. In many instances the 
pvroxenes are observed in the kimberlite to have passed through a process 
of hydration, during which the magnesia has been removed, leaving it in 
the form either of serpentine or bastite. This serpentine usually makes 
up a large proportion of the ground mass of the rock ; by peroxidation of 
the iron, however, the minerals assume yellowish rusty and bright red 
colours, and as decomposition continues on exposed surfaces the mineral 
often disappears, leaving behind a cavity with a mesh work of thin walls 
or veins of the mineral in a serpentinised form. These cavities are 
sometimes very plentiful in hardibank from fissures, and indicate the 
high percentage of ferro-magnesian silicates which originally existed in 
the rock. 

Zircon occurs in many of the mines in broken fragments, and some- 
times in grains with a rough, slightly pitted surface. It is nearly always 
in sniall pieces up to a few carats in weight, but has been found in the 
Monastery up to nearly an inch in diameter. Its range of colour is from 
brown through honey yellow, to flesh pink and colourless, the latter being 
the most uncommon. It has an adamantine lustre, and is often mistaken 
for diamond. When treated under the biow-pipe, the colour can be 
cntirely driven off, leaving a beautiful briUiant colourless stone which 
roore closely resembles the diamond than any other mineral extant. It 
is known to Kimberley miners by the name of ** Dutch Boart." 

Mica of three varieties occurs in kimberlite ; vaalite is a light brown 
mica, closely resembling phlogophite, and believed to be an altered biotite. 
In most cases it is in small flakes, but at the Monastery it reaches about 
2 inches in length. Biotite in dark lustrous scale«, reaching over 1 inch 
in length, occurs at the Driekopjes Mine. Muscovite is the least plentiful, 
though sometimes present. 

Olivine is found in Iherzolite wherever this rock occurs ; it is said to 
be a predominating silicate at some of the Kimberley mines by Prof . Lewis, 
and I found it predominating in a fissure deposit in the Orange River 
Colony. It is, however, seldom met with in large fragments like all the 
other minerals. Dr. Max Bauer J refers to olivine as rarely found, 
and then in almost colourless grains. It is usually confused with some 

t ** Precious Stones: their Characteristics and Occurrence," by Dr. Max Baucr, 
1904, p. 194. 
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of the pyroxenes, which often closely resemble it in colour, though not in 
crystallographic form. 

Chromite is rather well represented in a few of the mines, and when 
present iimenite is sometimes scarce. It occurs in grains very often 
having a lustrous exterior ; also in octahedral form, the latter being some- 
times perfect in shape, and having very brilliant faces. From the perfect 
preservation of these crystals, it is probable that the chromite then occurs 
as a secondary mineral in the blue ground. It is, however, also found 
with the angles and faces much worn, and sometimes aimost entirely 
obliterated, in which case it has probably had its origin at a considerable 
depth, and has been brought to the surface during the upward passage 
of the blue ground. It closely resembles ilmenite in appearance, and is 
usually termed * * Octahedron Carbon " by diamond diggers. 

Calcite is one of the comuionest minerals of the diamond pipes, aiid 
is found in many different forms of crystallisation. It is undoubtedly a 
secondary mineral of kimberlite, and often occurs in físsures or cracks, 
both in the blue and in fioating reef. It is when crystallisation has taken 
place in cavities that it is found in its most beautiful forms, big bunches 
and masses of perfect crystals then occurring. Sometimes the crystals 
are beautifully transparent, but more often they are milky to yellowish 
white and translucent. The most interesting and uncommon form of 
crystaliisation which has come to my notice is found at the Lace Diamond 
Mine, where fine bunches of perfect trigonal prisms are deveioped after 
the well-known tourmaline type (but without truncating planes), and with 
tcrminals of low three-sided pyramids. Another form of calcite, namely, 
Iceland Spar, is also found in kinaberlite. 

Sapphire of slaty blue colour occurs én Jagersfontein Mine, 
associated (intergrown) with a yellowish non-dichroic mineral resembling 
hessonite. Sapphires of inferior quality occur also in the Frank Smith 
Mine, near Kimberley. Ruby has been found in the Frank Smith Mine 
by Prof. Lawn,§ but in what sizes or qualities I am unaware. 

Cyanite, in fíbrous and blady fragments, is often met with. The 
colour is usually a pale blue, and it is seldom found in pieces more than 
^inch in length. At the Victor Mine smali fragments and short prisms 
with much worn crystal faces are numerous. 

Apophyllite in perfect tetragonal bi-pyramids occurs in Jagersfontein 
and Koppiesfontein Mines. The colour is usually yellowish white, and 
they are generally semi-transparent. An interesting feature of these 
crystals is the optical phenoraenon presented in the form of a very distinct 
cross, occupying the position of the two lateral crystallographic axes. This 
occurs in nearly ail the crystals, which vary in size from 1-1 6th inch to 
l-3rd inch in diameter. When tlíie crystal is horizontally cleaved, the 
cross can be easily seen with the naked eye. Apophyllite, like caloite, 
is a secondary mineral of kimberlite, none of the crystals showing the 
slightest sign of wear. 

Epidote is often met with in fragments of various sizes up to |-inch 
in length ; it is usually transparent and of a brown colour. Crystal faces 
are never observed in these fragments. 

§ *• The Diamond Mines of SuuUi Africa," by G. F. Willianis, 1902, p. 483. 
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Graphite has already been referred to briefly in connection with 
Jagersfontein eclogite. It is a foliated variety, and is usually one-eighth 
of an inch or less in diameter. If the graphite is picked out of the 
diopside with a pointed instrument the walls of the cavity that held it 
wiU be obsenred to be very smooth and round. Graphite has been found 
in the Kimberley Mine, and also as an inclusion in diamond. 

Magnetite is n^t often seen but can be obtaiiied in the Monastery 
Mine, where lumps as big as a man's flst have been found, though in 
sparing quantity. 

The zeolite group is represented in several mines, but most 
prominently at Jagersfontein, where fairly large and at times beautiful 
aggregates of crystals have been obtained. Natrolite is sometimes in fine, 
prismatic crystals, quite uninjured, and evideutly formed in a cavity, 
wherein it has been protected. The wall of the cavity in one particular 
instance consisted of a soft blue mud. Scolecite occurs in beautiful 
white acicular crystals with a silky lustre, many of the individuals being 
like the finest threads of silk and almost invisible to the naked eye. 
Pectolite and mesolite have also been determined in several of the pipes. 
Whether the cavities in which these zeolites crystallised were in the 
kimberlite or in an amygdaloidal sheet intersected by it has not yet been 
ascertained definitely, as far as I am aware. 

Iron pyrites, with brilliant crystal faces, is a secondary mineral found 
in every mine, and in the Swartrandsdam Mine in the Orange River 
Colony the blue ground in some places is very heavily impregnated with 
it. In this instance the blue more closely resembles an ordinary volcanic 
tufií than that f rom any other pipe I have seen ; and the heavy impregnation 
of iron pyrites and the manner of its occurrence is strongly suggestive 
of its origin being due to the ascent ot sulphurous gases-rft common 
occurrence in volcanoes, more especially when they are in the solfataric 
stage. 

Common hornblende is sometimes observed, and quartz more rarely. 
Agates, oarnelians, cats'-eyes, jasper, and other amygdules are found in 
Bultfontein and a few other mines, which intersected the amygdaloidal 
melaphyre which underlies the Dwyka Conglomerate. 

Kelyphite is one of those interesting substances which are exceptionally 
well developed in the Monastery and a few other mines, and forms a most 
interesting study. It is found in bands or zones sometimes half an inch 
thick, also in very thin skins or shells. It often has a radiated or 
chondritic structure when fairly thick, the lines or prisms of radiation 
bcing set at right angles to the direction of the ring or zoning. It is as 
a rule either dark grey or brown in colour, and looks like a product 
of serpentinisation of the garnet, The centre of one specimen I inch 
long by f-inch wide contained a small cracked garnet slightly over }-inch 
in diameter, which was surrounded by a radiated serpentinous zone 
alternately dull yeliow and greyish, which gradually changed to a dark 
grey as the outer zone was reached. The appearance of the central 
portion was as if a large garnet had once existed there and by some 
process of decomposition had been gradually absorbed by the kelyphite. 
Sometimes a patch or ring of kelyphite may be seen in which only very 
tiny fragments of yellowish-red garnet have been preserved. The garnet 
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in such cases appears to change f roin a transparent red to a duU opaque 
mineral, and from this to a serpentinous product which in turn changes 
from a greenish grey to a dark grey — the colour in which the kelyphite 
is generally found. In all the pipes and fissures where large garnets 
occur kelyphite zoning is noticeable and well developed. In one or two 
mines, however, particularly Bultfontein, where sinall, transparent garnets 
iu grains are plentiful but large ones are scarce, the kelyphite rings have 
not developed so well. 

The diamond is now too well known to need any description in this 
paper. It is only necessary to say that it is found here in many forins 
of crystallisation, both holohedral and hemihedral, the octahedrou, 
dodecahedron, hexakisoctahedron and macle predominatiug. There is, 
however, one form which is common in Brazii but rare in South Africa, 
and that is the cube. Distorted crystals and combinations of several 
forms are often met with. An important feature is the fact that, 

although many of the gems are found with all their crystal faces »iid 
without evidence of the slightest wear, such condition is undoubtedly due 
to their great hardness, for all the other primary minerals have usually 
been so much worn that their crystalline form is only in rare cases 
recognisable. Notwithstanding the presence of so many perfect crystals, 
however, the diamond is also frequently found in a fractured condition, 
which may safely be attributed to the explosive forces which brought it 
withinour reach having shattered it during those powerful outbursts which 
drilled holes through the earth's crust and rcsulted in the formation of 
our kimberlite volcanic pipes and íissures. 



TIIE ORIGIN OF KIMBERLITE AND GENESIS OF THE DIAMOND. 

This paper has already assumed greater proportions than I originally 
intended. I will thereforc conclude with as much brevity as possible. 

The contents of the pipes and fissures are so much alike that we may 
accept them as having the same origin ; that is to say they are both very 
deep-seated intrusions, due in most cases to the existence of a line of 
weakness down which surface waters have found their way into the 
earth's interior. That the blue ground is an extremely basic rock is shown 
by the analyses given ; and that it originated at a greater depth than 
the ultra-basic rocks such as eclogite and pyroxenite is evident from the 
fact that the pipes and fissures are largely made up of the minerals 
derived from their destruction. That considerable explosive force was 
necessary to drill the holes through the earth's crust which form the 
pipes, is equally evident, and the result of this action is seen in the 
numerous broken diamonds and other minerals and rocks which the 
blue ground contains. Moreover, we know that the pipes diminish in 
size markedly as depth is attained, which leads to the natural inference 
that at very great depths they will be quite small. To drill these small 
holes through the earth's crust would certainly require great explosive 
force, Ruch probably as can best be likened to that of a high-velocity 
bullet, which makes a bigger hole at its exit than at the spot where it 
enters. 
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With regard to the genesis of the diamond I think a few remarks 
will suffice. Nearly all the theories that have been propounded are based 
upon the artilicial manufacture of the gem. Moisson^s, Hannay s and Sir 
William Crookes' investigations had iron as the sine qua non, for the 
reason that the heat supposed to be necessary was obtainable in a furnace, 
and the great pressure required was brought about by contraction of 
the metal on cooling. Owing to the success of the experiments in which 
iron was used, coupled with the theories of various scientists, including 
Sir Norman Lockyer, that the earth's centre is a mass of iron, Sir William 
Crookes thinks that ' * carbon-saturated masses of iron " account for the 
crystallisation of the precious gem in nature. But the iron theory seems 
to have evolved mainly from its necessity in laboratory experiments. 
Tron is not essential ; and if it were I would ask what has become of 
those " carbon-saturated " masses of pure iron to which Sir William 
Crookes refers? We have not seen them in our diamond mines. If this 
iron saw the crystallisation of the diamond, by what process were the 
precious gems released from the metal and distributed loosely throughout 
the blue ground? Moreover, diamond has never been found in iron or 
in iron ore of any description in the South African pipes and fissures. 
Now in opposition to the last theory comes that based on Dr. Friedlander's 
interesting researches. In his experiment a diamond was forraed out 
of graphite by stirring olivine (kept in a state of fusion) with a little 
graphite rod. On cooling, a number of microscopic diamonds were 
ifound. In this case neither huge pressure nor great heat was used ; 
and the experiment is interesting because the agent was a ferro-magnesian 
silicat^ such as we find plentifully in the diamondiferous meteorites, and 
also in kimberlite. Further, the fact that diamonds have been found 
embedded in olivine,|| a mineral of the ultra-basic zone, in which garnet 
plentifully occurs, is a point which cannot be ignored. Graphite we 
know has been found in chrome-diopside, but in the same mine 
(Jagersfontein) where the eclogite containing it was found, 
the diamond was not found crystallised in diopside, but in garnet. 
Diamonds have also been found in garnets from several other mines, 
including the Driekopjes and Wesselton Mines, hence we may be sure that 
the garnet of all the minerals found ín the diamondiferous pipes is most 
deserving of our attention. True, garnets have not been found in the 
diamondiferous meteorites, but olivine and other ferro-magnesian silicates 
are usually present. These silicates are also of primary importance in 
connection with our problem, because diamond has been found in olivine. 
We know that masses of garnet occur in some of the mines, and that they 
are found in every diamond-bearing pipe and fissure in the country, in 
great or small quantities. We find the same mineral always associated 
with the pyroxenes and olivine in tte ultra-basic rocks, such as eclogite, 
which we have reason to believe are of very deep origin. Is it not there- 
fore probable that the deep-seated zone in which garnet and the ferro- 
magnesian silicates predominate contained the gaseous hydro-carbons 
(suggested by Chancourtois and others), or the element carbon in some 



il ** The DiamoTid Mines of KiniWley," by (}. F. Willianis, in ** Science in Sonth 
Africa," 1905, p. 12. 
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other suitable form, which has crystaHised out as diamond? We know 
that the element carbon exists at great depths, for diamond has been found 
in very deep-seated rock (eclogite), and nearly all volcanoes emit quantities 
of carbon dioxide; we know that both heat and pressure wiU liquefy 
carbon, that it exists in some form which can and has crystallised both 
a$ graphite and diamond ; we know that the latter can and has crystallised 
by natural means in garnet, and in a ferro-magnesian silicate (oliyine), 
henoe it seems a reasonable inference that the genesis of the diamond is 
intimately associated with an ultra-basic " carbon-saturated " zone at 
great depth, of which garnet and ferro-magnesian silicates form a yery 
large proportion, and that the richness or poorness in diamonds of such a 
zone would be influenced in different places solely by the quantity of the 
element carbon that was present when crystallisation took place. 
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Stone Implements from Bulawayo and the VicTORLá. Falls 
(Read 30th October, 1905), 

By J, P. Johnson. 

Hitherto there has been no record of the occurrence of stone inple- 
ments so far up country as the localities mentioned in the above title. It 
Í8 therefore all the more notable that some of the discoveries about to be 
described are probably the most interesting that have yet been made in 
South Africa. They include a group of implements of very primitive 
type from Victoria Falls and others of a quite advanced kiud from the 
neighbourhood of Bulawayo. 

PRIMITIVB TTPES FROM THE VICTORIA FALLS. 

At the Johannesburg meeting of the British Association for the 
Advancement of Science, Mr. Lamplugh exhibited some ílint flakes which 
he had found during his investigation of the geology of the country 
around the falls. They were much worn, and often lightly patinated, but 
were of no distinctive type. From geological considerations, however, 
he thought there was a possibility of their being of great antiquity. No 
doubt he wiU give some information on this point in hís forthcoming 
report. 

The Rev. Father Gardner, of Bulawayo, also has a series of implements 
from Victoria Falls. Besides ílakes, he has several very interesting im- 
plements, consisting of roughly circular pieces of flint with an edge 
worked all the way round. They constitute a primitive type, which is 
probably the forerunner of the Palaeolithic discoidal and almond-shaped 
implements. 

From a small patch of ground on the basalt plateau on the south 
side of the canon, where the surface soil has been removed by 
denudation, the writer obtained, associated with discs like those above 
mentioned, a most interesting assemblage of worked flints of an even more 
primitive type. They are similar to those from the early drifts of 
Southern Britain, but with the difference that about one-half are made 
from artificially produced flakes. They thus belong to the transition 
stage between the Eolithic and Palaeolithic cultures, and, being made of 
similar material to the Thames Basin specimens, well illustrate how the 
Palseolithic implements of the valley drifts, though bearing no resemblance 
whatever to the Eolithic implements of the plateau gravel, were neverthe- 
less evolved from them. They are an eloquent testimony to the artificial 
character of the Eolitlis. 

Figs. 1 to 7 are good examples of the more differentiated types. 
Of these, Nos. 1, 2, 6 and) 7 are true Eolithic implements, being fashioned 
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out of naturally broken fragnients of flint. Nos. 3, 4 and 5 are more 
adyanoed, being made frora artificially broken pieces of flint, though 
possessing the Eolithic style and quality of trimming. 

These types also occur, though, as far as is at present known, rather 
sparingly, around Bulawayo. The neat example of the characteristic 
pointed scraper represented by Fig. 2 was picked up near ithat town, and 
giyen to me by Father Gardner. 

PALJSOLITHIO IMPLEMENTS FROM CHARTER. 

It Í8 worthy of putting on record that there are several examples of 
the characteristic almond-shaped Palaeolithic implements from the Charter 
district in the Bulawayo Museum. One very neatly-fashioned specimen 
of white quartz is specially noteworthy. ^ They were presented to the 
museum by Mr. W. H. Kenny. 

ADVANCED TTPE8 FROM BULAWATO. 

South-^ast of Bulawayo are some kopjes marking the position of the 
interesting Hillside mass of plutonic rocks. In places among these kopjes 
I noticed great quantities of very small flakes of coloured chert, and, after 
a very brief search, succeeded in fínding some which had been trimmed 
into minute scrapers like those described by me from Elandsfontein and 
Vlakfontein in the Witwatersrand district, also irregularly-shaped chips 
with similar delicate trimming. But even more interesting is a very 
fine and therefore unmistakable example of one of the types of the 
" pigmy flint implement " group. When I first found the minute scrapers 
on the Witwatersrand I thought I had come across this remarkable group, 
already known from Europe (including Britain) and India, but after- 
wards I had to abandon that view. Although some of the scrapers were 
quite as small as those of the pigmy flint implement group and irregularly- 
Bhaped chips with similar delicate trimming were associated with them, 
further search apparently showed some peculiar and characteristic forms 
to be absent. The implement under consideration is one of those missing 
forms. It is by far the most neatly worked specimen I have seen, but it 
is not 80 small as some that have been figured. Two views of this im- 
plement, drawn to actual size, are shown in Fig. 8, side by side with 
representations of British and Indian specimens, copied from a paper by 
Gatty — the authority on these minute tools. 

The large series of objects excavated by Mr. Andrews at the Khami 
ruins (west of Bulawayo) include a quantity of flakes mostly of chert. 
I myseíf found quite a number in the middens there mixed with bones 
and pottery, including three that have been trimmed into concave scrapers. 
Whether these are contemporary with the other objects in the middens is 
uncertain. Such flakes are everywhere common on the surface, and might 
have been washed by rain into the middens, which are situated on a slopc. 

Among the collection, now in the Bulawayo Museum, obtained by Mr. 
Randall Maclver from the débris at tlie Dhlo-Dhlo ruins is a very neat 
leaf-shaped arrow head worked on both sides. It is the first unquestion- 
Me arrow head that I have seen from South Africa. 

There is also in the museum half of one of the well-known perforated 
stones which was found near Bulawayo. 
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Figs. 1 to 8.— StODe Implements from Bulawayo aud tlie Victoría Falls. 

Actual size. 
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Stone Implements from Vlakfontein (No. 155) 
(Read 30th October, 1905). 

By J. P. Johnson. 



The implements from this locality consist of pigmy scrapers and 
associated implements similar to those which I have described from 
Elandsfontein. 

The site of the discovery Í9 on the northern boundary of Vlakfontein, 
in the north-west corner of the claims of the New Steyn Estate Gold Mines. 
As at Elandsfontein, the specimens were found among kopjes bordering a 
spruit. 

The pigmy scrapers are of the type figured on p. 146 of voL vii. of 
our Transactions. They are of quartz, chert and greenstone. As at 
Elandsfontein, larger and smaller specimens occur — one remarkably 
minute example measures only 6 by 7 millimetres, and has secondary 
chipping which is barely perceptible to the naked eye. The chert is 
similar to that used at Elandsfontein, and although it must have been 
brought from a distance, the implements of that material were evidently 
manufactured on the spot, as shown by the quantities of associated chips. 

In the accompanyiiig group of figures (p. 140) I have endeavoured to 
illustrate the generai facies of this interesting assemblage of implements. 

The greenstone flakes of more ordinary size noticed at Elandsfontein 
are also conspiouous. From both localities I now have oores from which 
these flakes were struck. They were no doubt intended for use as 
flake tools. 



Digitized by 



Google 



JOHNSON : STONE IMPLEMENTS FROM WATERVAL. 139 



Stone Implements from Waterval (No. 417) 
(Read 30th October, 1905). 

By J. P. Johnson. 



These implements were found in the kopjes aboye the gorge near the 
claims of the Ruislip Syndicate. 

The most interesting specimens are pigmy scrapers similar to, and 
made of the samei material as, those from Ëlandsfoiitein and Vlakfontein. 
With them are assocíated the characteristic greenstone flakes. 

Together with these were found numerous rough, and mostly quite 
sharp, flakes of quartzite, together with two rough discs of the same 
material. 

One would not be justiíied in separating these two groups of- imple- 
ments on their own merits. It is true the larger rough quartzite flakes 
oontrast sharply with the smaller and neater greenstone and pigmy flakes. 
This roughness, however, may be entirely due to the nature of the stone. 
On the other hand, when one compares the whole assemblage with that of 
Elandsfontein and Vlakfontein (see accompanying flgures), one is forced 
to conclude that these two groups of implements may really have nothing 
to do with one another, and that their association may be purely 
accidental. 
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Stone Implements from Elandsfontein and Vlakfontein, Witwatci-srand. 

Actual Bize. 
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Gneiss Formation on the Limpopo 
(ReadSOth October, 1905). 

By Dr. F. W. Voit. 

Till now the oldest rocks known in the Transvaal are those grouped 
under the name Swaziland Beds. Dr. Hatch has described them in his 
paper, *^ The Oldest Sedimentary Rocks of the Transvaal/' and has 
described the intrusive nature of the granite, which has also been done 
by Mr. Jorissen in his paper, ** Notes of some Intrusive Granites in the 
Transvaal, the Orange River Colony, and in Swaziland.^' 

I think there is little doubt that the old grey granite, as we sometimes 
call it, is in fact intrusive in those old chloritic and other schists, and I 
think that the re-introduction of Schenck's name of Swaziland Beds was 
fuUy justifíed, as well as the separation of the Witwatersrand Beds from 
them ; the Witwatersrand slates, sandstones and conglomerates being, no 
doubl, younger, and lying unconformably, so to say, on the granite. 

As to the series of rocks building up the Swaziland Beds and the 
intrusive granite, it is a fact that they are so closely connected with each 
other that it is extremely difficult to separate them. Only detailed 
mapping in the future will suffice to do so. In the meantime, on the map 
attached to Hatch and Corstorphine's * * Geology of South Af rica," they 
are combined and mapped as one formation under the name Archsean 
System : Swaziland Beds with intrusive granite. 

The Swaziland Beds and that granite, sometimes called basement 
granite, have till now been considered the foundation whereon the other 
formations were laid down, and when I, as I did in my preliminary note 
some time ago, speak of a f undamental formation, I want to point to the 
fact that an older formation, such as the one mapped as Archaean System, 
occurs in Africa; a formation which generally all over the world is con- 
sidered to be the starting point of our historical geology, or otherwise 
the basement whereon the geological formations were laid down. 

Before giving a description of the formation on the Limpppo, I should 
first like to give a short resumé of the chief features of the Swaailand 
Beds and Granite, and to point to the characteristics which make it im- 
possible to correlate either of them with the formation in question. 

The Swaziland Beds for the greater part consist of mica chloritic 
talcose and other schists, lydites, itabirites, fine and coarse-grained 
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quartzites, Bandstones of every grain, conglomerates, Bometimes showing 
pebbles of enormous size (as, for instance, near the '' Three Sisters'"), 
ani a large number of greenish slaty rocks, which show eyidence of being 
bighly metamorphosed, and which, ,if they are not macroscopioally recig- 
nisable as igneous sheets, show under the microscope evidence of igneous 
origin. In fact, from examining numerous slides, I am of opinion that 
the greater number of those hornblende and chloritio schists are nothing 
but highly metamorphosed igneous sheets, the change of an igneous rock 
into a soft slate with a perfect cleavage having gone so f ar as to de facto 
perfectly hide the real nature of the rock. Another part of those schists, 
provided the decomposition has not gone so far as to make any micro- 
soopical examination impossible, shows under the microscope a true clastio 
structure with secondary minerals, and there cannot be any doubt that 
those were originally true shales. * 

So we see that the endless varieties of rocks which build up the 
Swaziland Beds consist of original pelites and psammites ; a series of rocks 
ranging from the iinest mineral particles up to clastic masses of coarsest 
rock fragments, deposited beyond all doubt on a sea-floor as the detritus 
of pre-existing rocks, while innumerable overflows, or later intrusions 
along the planes of foliation, added to the thickness of the formation. 

While, however, the psammites, especially those of coarser grain, were 
very little influenced by metamorphic action, say, for instance, by cir- 
culating waters, igneous rocks and pelites were more or less changed. 
Contact metamorphism has affected the pelites to sucH a degree that their 
original character can very often only be guessed, while regional meta- 
morphism had a further influence on them, as well as on the igneous rocks. 



THB GRANITE. 

As mentioned above, there is no doubt that the granite, as 
we know it north of Johannesburg, at Barberton, in Swaziland, near 
Pietersburg, and elsewhere, is intrusive in the Swaziland Beds. The 
protruding granitic magma found its way between the Swaziland Beds, 
and either formed great batholites (the bosses), or, intruding between the 
beds, formed large sheets. Therefore we sometimes observe in the granitic 
magma long drawn out lenses of quartzite, chlorite, actinolite and other 
schists, swimming, as it were, in a granitic magma. Smaller or bigger 
fragments of Swaziland Beds were forced off the main stock of the forma- 
tion, and arranged in a parallel manner, all following the direction of 
the main mass. Hence these narrow stretches with great extension of 
Swaziland Beds, as we see them in the western Transvaal running through 
the granitic area from north to south, and hence also those long extended 
fragments of Swaziland Beds all running parallel and alternating with 
granite in layers ; a phenomenon which may be observed on a larger scale in 
Kunana Location, but which may also be seen at the contact of the Granite 
and the Swaziland Beds, where thin layers of schists and sandstones 
alternate with layers of granite. 

Generally, the granite is a coarse-grained rock of typical granitic 
structure, and occasionally only takes a somewhat gneissoid character; 
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basic segregatious form here and there lenticules of hornblende schists, 
pyroxenites, etc, though I am not quite sure whether these rocks, and 
certain gneisses which are lying as entirely heterogeneous masses with 
sharply defíned contours in the granite, do not belong to an older, say 
for instance, gneiss formation, which were brought up by the protruding 
magma, and are now included as foreign fragments in the granite. Near 
the contact line with the Swaziland Beds the granite sometimes takes a 
distinctly gneissoid character, and intruding between the schists, which 
we find everywhere at the periphery of the granite masses as true 
crystalline schists, alternates with them and appears to belong to them 
as a proper member. As, however, in the main mass of the Swaziland 
Beds, some distance away from the contact with the granite, we never 
find one of those gneisses which sometimes have been described as proper 
members of the Swaziland Beds, I am inclined to see in these gneisses only 
modifications of the granite which by pressure and other influences got a 
schistose appearance. 

In concluding my remarks on the Archflean System, I want to point 
to the f act that our old granite, the so-called basement granite, is intrusive 
in a formation which^ according to its petrographical character, we cannot 
reckon among those oldest rocks which in all other parts of the world we 
consider to be the basement of the younger formations. The material 
which formed all those pelites, original clay and similar rocks and those 
psammites, from the fine-grained sandstone up to the giant-pebbled con- 
glomerate, must have come from another formation for which we have to 
look somewhere here in Africa. 



THE GNEISS FORMATION. 

This formation is found on both sides of the Limpopo. While I saw 
it on the left bank of the river only for a f ew miles northwards, I travelled 
over it towards the south over an actual thickness of at least 20 miles. The 
formation strikes east and west and stands perfectly vertical. The true 
dip is sometimes hidden by false-bedding. The extension along the line 
of the strata is at least 40 miles. I must point out, though, that these 
measures are only those I actually took. According to the observations 
of Mr. Harger, however, the extension and thickness of the formation is 
considerably greater. Towards the south melaphyres and similar rocks, 
belonging to the Ventersdorp Series, can 6e observed, but no actual contact 
has been found, owing to the fact that large stretches of the country do 
not show any outcrop. The country is, as the name "Limpopo Flats " 
suggests, a long rolling one with here and there a little kopje in its out- 
lines resembling an inverted saucer, standing out of the surrounding 
country like an island. 

The thickness of the outcrop can, of course, not be taken as the actual 
thickness of the formation, for much folding has taken place; the forma- 
tion has underground a good deal oï abrasion, no anticlines or synclines 
being observable. 

The general character of the formation is the same as those put 
down as basement formations in other parts of the world, such as the 
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Urgebirge in Scandinayia, the Lewisian in Scotland, the Laurentian in 
Amerioa, and so on. For the greater part the formation consists of all 
sorts of gneisses, which by the absence of one or the other component 
pass into various schists, among which more or less important bands of 
hornblendic and pyroxenic rocks, crystalline limestone, quartzites, 
hematites and magnetites occur. The gneiss shades off into a non-foliated 
rock, which occurs in alternating bands, but is structurally a granite; 
this granite, however, only sparsely developed, in comparison with tho 
foliated rocks, evidently belongs to the period and process of the gneiss 
formation, and cannot be looked upon as a later intrusion. AU the rocks 
pass by degrees one into the other, and are closely connected with each other 
by minute shading of their respective components. 



PETROQRAPHICAL. 

The chief feature in the formation is a gneissoid rock, being an 
aggregate of flesh-red orthoclase, quartz, aud a greenish mineral-^a some- 
what decomposed hornblende. The minerals occur in long stretched, 
alternating individuals, with a strictly banded arrangement. Sometimes 
the felspar abounds, and lies in independent tolerably thick lenticles, 
while the laminse of the hornblende bend round those more or less lenti- 
cular bands, and give them a físsile structure. Quartz occurs in tiny bands 
several inches in length, and very thin — l-20th of an inch thick and less. 
Especially around the Messina Copper Mines this rock has an enormous 
extension, where it occurs in large bedded masses. In hand specimeus, 
and even in larger blocks, this gneíss could not be distinguished from a 
granite, but the true character of the rock appears when over those large 
Btretches we observe its general foliated structure. While the felspar and 
Ihe hornblende show a distinctly foliated arrangement, and lie in tolerably 
pure bands, the quartz very often takes a granular structure. It appears, 
then, as if in a fissile aggregate of extended individuals of felspar 
and hornblende the more or less abundant interstices were fiUed out by 
quartz. Sometimes even macrosoopically, the individual minerals show 
evidence of having undergone much pressure. They, especially the horn- 
tlende, are bent, and even broken, while minute fault planes run right 
across the cleavage. 

Of ihe gneisses, the usual many varieties occur, always more or less 
with foliated structure, augen and flaser gneisses, mica gneisses, cordierite 
gneisses, garnet gneisses, etc. The garnet gneisses especially show a 
nearly ideal arrangement of alternating felspar, hornblende, or mica, and 
quartz layers, the latter sometimes containing numerous wine-red garnets. 

A frequent feature in the gneisses is a more or less schistose aggregate 
of quartz, white felspar with garnets, either found throughout the rock 
or arranged in parallel layers; the rock is sometimes extremely well 
foliated. 

Granulite, occurrinp: sometimes in well-defined layers, and consisting 
mainly of quartz and orthoclase with a holocrvstalline structure, runs 
along the gneisses; sometimes it is simply stuffed with garnets which are 
arranged in bands. 
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Near the Límpopo thick layers of a greenish glassy quartzite, which 
Hnder the microscope shows many very small greenish leaves (probably 
chlorite) throughout the quartz particles, are found interbedded between,. 
and even gradually pass into gneissoid rocks. Highly crystalline lime- 
stone, sometimes marble, is a frequent occurrence, mostly as well defíned 
layers, in the gneissee. Whether the thin beds of hematite and magnetite 
which are very often interbedded between the gneisses, are secondary in- 
filtrations or not, I must leave an open question. As, however, magnetite 
schists, well-foliated aggregates of quartz, felspar and magnetite, the 
minerals showing peculiar extended forms, are found as true members 
in the formation, I think that those magnetite layers are genuine member» 
of the formation also. 

An important feature of the formation are certain igneous sheets- 
which have altered their constituent minerals to such a degree that only 
the microsoope reveals their true nature. Among these is an aggregate 
of calcite, which is interbedded between the schists near Zand River, 
and, in fact, is nothing but an altered igneous rock. Among these 
T classify certain pyroxenite sheets, which now are altered into epidote 
gneisses. These sheets are of importance in so far as they forra lines of 
less power of resistance, which, when the whole formation was put under 
enormous stress and pressure and got its foliated features, éasily broke 
into cracks and fissures and allowed ascending solutions to deposit their 
load of silica and metals. So we see that the mineral deposits in the 
north are interbedded igneous sheets with a secondary infiltration of 
quartz and sulphides of metals. I cannot say whether those igneous 
sheets were dykes running through a granitic rook or whether 
they are later intrusions finding their way along the linë of folia- 
tion when the whole of the formation was put under an enormous 
pressure and, having got their schistose character, fanned out at lines of 
weakness. I think, however, that a later protrusion along the planes of 
foliation is more suggested by the fact that all those sheets with their 
ore deposits are arranged in a strictly parallel way. 

Concluding my remarks on the formation, I should like to point to 
ihe fact that it is true that every representative of the various beds of the 
Limpopo Formation could be found in the Swaziland Beds with the in- 
trusive granite. We know especially tliat the granite very often takes a 
gneissoid character, that we find in it Basic segregations of hornblende rocks 
and pyroxenites, and that we indeed could find a great number of members 
of the Limpopo Formation as specimens in the old granite. Just as well 
we may find those layers of quartzites in the Swaziland Beds, and that 
layers of crystalline limestone and niarble, as we find them in the Limpopo 
Formation, have not been noticed yet in the Swaziland Beds would not be 
a proof that they did not exist there. 

I am, however, of the opinion that it is entirely erroneous to draw 
correlating conclusions from the comparison of certain hand specimens, 
and even of individual beds taken apart and not in connection with the 
whole formation. This practice has, for instance, for a long time hidden 
the fact that the Swaziland Beds are another and older formation than 
the Witwatersrand Beds, on account of the occurrence of itabirites in 
both formations, as banded magnetite quartzite slates, called on the Rand 
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Hospital Hill Slates, though these may be found in any geological horizon, 
•as, for instance, as interbedded layers in the Dolomite Formation south 
of Chuniespoort. 

I am of opinion that the correlation of geological horizons should be 
hased only on a thorough study of the whole of the formation, and not on 
that of single beds. And the formation on the Limpopo shows features so 
very difïerent from the Swaziland Formation or the intrusive granite that 
T, as I pointed out, am unable to correlate it with either of them. I 
called the formation in question gneiss formation with regard to its 
foliated and entirely gneissoid character over those yast areas, where it 
always keeps its strike and dip. Certainly the real origin of gneiss is 
still hidden in obscurity, and we do not know if those gneisses are of 
«edimentary or magmatic origin. More and more, however, geologists 
who deal with that most difficult problem of the origin of the gneisses, are 
inclined to look upon them as being of magmatic origin, and as being 
original granite foliated and turned into gneissoid rocks by an enormous 
pressure caused during the contraction of the earth's crust. We know 
Ibat we have granites in all geological horizons — in f act, up to the Tertiary. 
And northern geologists who have made the old crystalline schists a special 
«tudy are inclined to assume an old granite older than all crystalline 
Bchists — in fact, forming the basement whereon our geological formations 
began to take place, while they during a long period of abrasion had 
furnished by their detritus the material of which the sedimentary rocks 
<;ould be formed. According to my conclusions, we, of course, must expect 
to íind in that Limpopo Formation an intrusive granite, the same which 
is intrusive in the owaziland Beds, and it is possible to correlate, as I 
binted already when dealing with the granite, certain heterogeneous frag- 
ments of actinolite and other schists, which we find as basic segregations 
in the granite, with those layers we find developed in a large degree as long 
running thick beds in the Limpopo Formation. 

Concluding this paper, I should like to point out that my purpose 
of bringing it before this Society was to invite geologists to discuss this 
cxtremely difficult problem of a basement formation and its relation to 
the crystalline schists with the intrusive granite. I hope that this paper 
may produce some disoussion which will throw some light on that pro- 
blem and those earliest stajïes of geological history; that it may, as in 
f»ther continents, lead to the establishment of a " Fundamental Gneiss 
Formation in South Africa," which we have reason to look for in such an 
old and large continent. 

I have to acknowledge my indebtedness to Mr. Maurice Copland, who 
was good enough to examine and determine for me thin slices of the rocks 
which I obtained in the Limpopo basin. 
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On thk Relation between Ore Veins and Pegmatitks 
(Read 20th November, 1905). 



By Professor R. Beek of Freiberg 

(Coninmnicated by Dr. Voit). 



Our knowledge of pegmatites and their probable origin has made 
much progress in the last twenty years. The important researches on 
the subject made, among others, by Broegger, Teall, Kosenbusch,. 
Weinschenk and Grubenmann are well known, and the last-mentioned 
writer has latterly discussed the opinion of S. Arrhenius on the physical 
causes of vulcanism and the question whether this author's theory 
explaius the origin of coarse-grained granitic rocks. Furthermore, the 
experiments so successfuUy carried out by Vogt have enabled the so-called 
*' Schriftgranit ' or ** Graphic Granite " to be recognised as a product 
of the crystallisation of eutectic solution. 

It is now generally agreed that pegmatites connected with plutonic 
masses, whether developed as isolated pockets or as true veins, are no 
longer to be accounted for as segregations of the magma itself, but rather 
as having crystallised under high pressure from the superheated aqueous 
solutions that remained after the solidification of the magma, whilst the 
greater part of this water formerly distributed throughout the magma 
had been mechanically included or chemically bound as hydroxyl in the 
mineral components of the main mass of the solid rock. This residual 
water became enclosed in the microlitic cavities and cracks of the 
plutonic mass itself or in the planes of contact with the adjacent rocks, 
or it was intiltrated into íissures running through the adjoining rock. 

In this magmatic water many other substances were probably con- 
centrated, which at the existing high temperature were much more 
readily soluble in it than in the niagma itself. Especially have ions 
of single valency a strong inclination to dissolve in water, because, aa 
Arrhenius says, their power of electric dissociation is very great. To 
these belong the combinations of chlorine and fluorine with the alkalies, 
the chlorides and fluorides of the alkaline earths, and of the rare elements. 
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also of soine of the heavy metals, such as ziiic, tin, copper, iron and lead. 
Furthermore, all substances which, under ordinary circumstances, are 
soluble in water — for instance, carbonic acid, boric acid, phosphoric 
^cid and sulphuretted liydrogen, and finally, a certain amount of silica. 

Since these aqueous solutions cooled very slowly, and their great 
liquidity was extremely favourable to diffusion of the dissolved sub- 
stances, crystals of large size are frequently found in pegmatites. 

As to the actual time of segregation, this may have taken place at a 
nmch later period than that of the active intrusion and consolidation of 
the main mass of the magma. There is naturally only a difference in 
degree between such pegmatite-forming solutions and the so-called juvenile 
thermal waters of E. Suess; the former remained in the deep-seated por- 
tions, while the latter found their way to the upper parts, of the earth's 
crust. • 

If these conclusions be accepted, then the genesis of a number of ore 
veins, whose analogy with pegmatites can be clearly demonstrated, is 
brought into clearer light. 

Tlie analogy has been longest recognised with regard to tin ore 
deposits. Entirely pegmatitic are some tin and wolfram (tungsten) lodes 
in the granite of Zinnwald, in Saxony, with their large quartz and 
lepidolite crystals plentifully mixed with orthochise. A similar example 
is found near Graupen on the southern slope of the Erzgebirge, where the 
gangue is frequently a coarse crystalline mass mingled with perthite and 
íluorspar, accompanied by the minerals usually found with tin ore in these 
and other deposits in the Erzgebirge, such as topaz, apatite, tourmaline, 
more rarely beryl, triplite, etc, ail of which may be found in pegmatites, 
and victyversa. As an instance, the well-known pegmatites of San Piero 
iiiid Sau Hilario on the the island of Elba, which contain crystals of 
■cassiterite, may be cited. Similar occurrences of tin ore deposits are 
found in Cornwall. Furthermore, the tin ore of Etta Knob in the Black 
Hills of Dacota may be cited as typically pegmatitic. Also here ii^ Africa 
good examples are not wanting. Dr. G. A. F. Molengraaff has made us 
acquainted with the tin ores of Embabaan in Swaziland, which he 
■describes as typical pegmatite veins in granite, principally composed of 
<iuartz and feldspar, with corundum and cassiterite, the crystals of the 
hitter growing from the walls of the vein towards the middle. 

Among the copper ore deposits, those bearing tourmaline are nearly 
rehited to pegmatites : examples of this in Thelemarken, in Norway, have 
long since beeu brought to our notice by Th. Scheerer, T. Dahll, P. Herter, 
iind again J. H. L. Vogt. Here granite, gneisses and crystalline slates 
ure traversed by dykes of younger granite, and the latter by veins of 
■copper ore. In some cases these veins as laddcr veins run across from 
wall to wall of a granitic dyke or accompany one side of such dykes as 
<:ontact veins, thus probably filling fissures mado by contraction of the 
cooling magma in the same manner as in many pegmatite veins. The 
metaliic components of these veins, copper pyrites, bornite, copper glance 
and iron pyritee are accompanied by quartz, muscovite, calcite and other 
carbonates, fluorspar, tourmaline, and very rarely also by beryl and 
apatite. Botb the process of filling shrinkage-cracks in granitic dykes 
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and this presence of fluor-containing uiinerals are strongly symptomatic 
of pneumatolytic and thermal phenomena, which have followed the act of 
intrusion of the ^anitic magma. Another proof is the transformation 
of the country rock, near the selvage, into a greisen-like rock. 

In this group also Africa has afforded examples. A recent publica- 
tion of Mr. F. W. Voit has made us acquainted with the interesting copper 
ore deposits of German South-West Africa. Among these, some veins 
show the behaviour of pegmatites, as, for instance, some of the copper ore 
lodes of Otjysonyati. 

Another example is found in the group of cobalt and nickel ore 
deposits. Mr. C. B. Horwoo<i in a paper on the cobalt lodes of Balmoral 
states that he considers them to be pegmatite veins associated genetically 
with the adjacent red granite boss, and owing their cobalt and nickel 
contents to subsequent pneumatolytic and hydrothermal action. 

Perhaps of much more interest is the similarity of certain gold quartz 
veins with pegmatites, which latterly has been proved beyond doubt by 
several publications. We have long known that in the aplite dykes of 
Berezowsk in the Ur»! Mountains the ladderlike gold quartz veins contain 
besides gold, iron pyrites, copper and lead ores, also tourmaline. This 
example is closely related to that of Thelemarken, where free gold is also 
accompanied by copper and lead ores, and where tourmaline crystals, 
whose long needles are arranged perpendicularly to the vein walls, are 
found in the quartz — again a characteristic occurrence in pegmatite veins. 
The fact that tliese gold-bearing veins are confined to the aplite is a testi- 
niony to their narrow, genetic connection with the granitic magma. In 
the example of Berezowsk, the main mass of this magma is spread along 
the shores of the neighbouring Lake Chartasch, and contains only minute 
quantities of finely-distributed gold. This shows that the gold partly 
remained in the first consolidated mother rock, but for the greater part 
was concentrated in the subsequently-formed pegmatitic veins of 
Berezowsk. 

Further iniportant arguuients for the view forniulated above are 
afforded by sonie exaniples of gold ore deposits described latterly by 
American geologists. Some timo ago, G. F. Becker enumerated among the 
minerals which the gold quartz veins of the Southern Appalachians con- 
tain, tourmaline, apatite, orthoclase, albite and garnet, the well-known 
characteristic components of pegmatites. F. E. Spurr, furthermore, in 
Ihe ïukon District, Alaska, in the Forty Miles and Birch Creeks, found 
real transitions from gold-bearing quartz veins to dykes of aplite, which 
latter is so often connected with pegmatite.s. These transitions are de- 
veloped very slowly by the gradually increasing predominance of feldspar 
in the composition of the ore matter. 

Finally, a proof of high scientific value for our theory was given by 
K. Hussak in his description of the remarkable reef of Passagem, in the 
Province of Minas Geraes, in Brazil. He explains this reef as a granitic 
apophysis of extraordinary acidity, and of the mineralogical composition 
of a pegmatite. Zircon, monazite, xenotime, all)ite and tourmaline, 
found with the predominating quartz and gold-bearing arsenopyrites, 
niake this very probable. 
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Also Orville A. Derby lately described some gold-bearing quartz veins 
accompanied by kaolinized feldspar, muscovite, zircon, monazite and 
lenotime, in the Diamantina District of Brazil, and gave them a position 
among the group of pegmatitic ore occurrences. 

The phenoraenon, therefore, stands no longer isolated. Probably 
all the examples brought forward by us belong to such parts of the earth's 
crust as have been subject to great denudation, because pegmatitio forma- 
tion could only take place rt a great depth. On the other hand, the most 
common types of ore veins belong to the upper zones of the earth's crust, 
and for that reason they so rarely show relations to pegmatites, which we 
should find more conspicuously developed could we follow the veins into 
greater depth. Nevertheless, even the upper regions show illustrative 
examples, and modern geology has earnestly discussed the theory of 
Suess, who believes the source of the so-called juvenile thermal waters to 
be in the deep-seated plutonic hearths. 
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New Facts bearing on the Extension of the Main 
Reef Eastward (Read 18th December, 1905). 

By J. McClelland Henderson. 

[Plates XIV., XV. and XVI.] 



Among the various problems which the Rand has presented to the 
geologist and the engineer, there has perhaps been none of greater interest 
than that involved in tracing the course of the Main Reef in the Far East 
Rand. Nowhere else in the world, probably, has deep boring been relied 
on to Buch an extent as in this region where the difficult work of foUowing 
a sub-outcrop, overlain by many hundreds of feet of Earroo and the older 
Dolomite Beds, has been undertaken. 

In establishing the limits of the syncline formed by the Main Reef 
in the Far East Rand, the northern rim was first mapped out on Modder- 
fontein No. 112 and Klipfontein No. 206, into Holfontein No. 227, the 
southern rim being surmised in the so-called Nigel Reef on Varkensfontein 
Nq. 217. This theory of the oonnection which might be found to exist 
between the Main and Nigel Reefs was suggested by * Dr. Hatch as early 
as 1895;andhÍ8 paper on the *' Extension of the Witwatersrand Beds 
Eastwards,*' read before this Society in June, 1904, set forth the evidence 
for correlation. At that time a series of boreholes on the farms Grootvlei 
and Palmietkuil had partially delineated the eastern rim of the Main Reef 
Syncline, thus supporting the theory as to the continuity of the Witwaters- 
rand Beds east and south towards the Nigel area. 

In the discussion that followed, the course of the Main Reef sub-outcrop 
beyond Daggafontein Borehole No. 1 was a point on which considerable 
diversity of opinion was expressed. It appears, however, that the results 
of subsequent boring operations on Daggafontein, taken in conjunction 
with the published results of Droogefontein borings, plainly corroborate 
the correlation theory, and refute fthe suggestion that the Main Reef 
outcrop would be f'^und about 1,500 feet above the Nigel Reef. 

Before proceeding to a detailed account of the Daggafontein borings 
and the evidence to be deduced therefrom, bearing on the extension of the 

* Trans. Ged. Soc. S.A., vol. vii., part ii 
t Procecdings Geol. Soc, S.A., vo). vii. 
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Main Reef in the Far East Rand, may I be permitted' to ref er briefly to the 
results of driUing on Droogef ontein ? The plan of the Far East Rand 
acoompanying this paper shows the position of the Droogefontein Bore- 
holes 1, 2 and 3, which, according to the published results, penetrated the 
Black Reef Series, the Amygdaloidal Diabase, the Bird, and the Modder- 
fontein Series, cutting the Main Reef at depths of 1,514 feet, 1,351 feet, 
and 1,171 feet respectively. The data whereby the dip can be calculated 
accurately are not at my disposal, but a rough estimate based on the results 
of the Grootvlei-Palmietkuil joint Borehole and Droogefontein Boreholeai 
2 and 3, would probably make the dip of the Main Reef here between 7 and 
8 degrees in a south-westerly direction, and give the contour line as indi- 
oated on the accompanying plan. Thus the drilling operations on Drooge- 
fontein have yielded important results in delineating a f urther portion of 
the eastern rim of tHe syncline and confirming the theory as to its course. 

Southwards fr^m Droogefontein, the Palmietkuil Boreholes and the 
Daggafontein No. 1 Borehole had previously indicated the course of the 
Main Reeï for a further distance of 3J miles, but beyond that point there 
existed an unknown territory in which theorists had f ree play. This area, 
oomprising, roughly, the farms Daggafontein, Rietfontein and Vlakfontein, 
was left to be explored before a correlation between the Main Reef and the 
Nigel Reef could be definitely established ; and in this way the later borings 
on the farm Daggafontein constitute an important link in the chain of 
evidence, establishing the continuity and regularity of the Witwatersrand 
Beds to within 5J miles of the Grootfontein Central Nigel Deep joint Bore- 
hole, and showing the existence of a reef at the base of the Kimberley Series, 
carrying good gold values and separated from the Main Reef by the com- 
plete series of rocks ordinarily encountered. 

With regard to Daggafontein drilling results, the impression appears 
to exist in the minds of some that much diversity has been found in the 
various boreholes, but the detailed sections given on Plate XVI. showing 
the rocks penetrated will dissipate any such idea ; on the contrary, all the 
Daggafontein Boreholes to date have passed through a perfectly regular 
sequence of strata, and the section of Borehole No. 1 may be taken as 
typical of any or all of the boreholes on this property. The following is 
R summary of the results : — 

Borehole No. 1 is in the north-eastern corner of Daggafontein, about 
200 yards f rom the Grootvlei boundary ; the Main Reef Series was pene- 
trated and the footwall slates entered at a depth of 3,277 feet. 

Borehole No. 2, the Grootvlei Joint Borehole, is situated in the Cassel 
Coal Company's ground, in the north-western corner of Daggafontein, 
and the drill passed through the Main Reef Series and entered the footwall 
slates at 5,540 feet (corrected by borehole survey 4,880 feet vertical). 

Borehole No.^in about 33 yards from the south-eastern corner beacon 
on the Vlakfontein boundary; this hole reached the diabases underlying 
the Kimberley Slates. 

Borehole No. 4, in the west central portion of the farm, reached the 
quartzit^s underlying the Dolomite Series. 

Borehole No. 5, which is being put down a quarter of a mile west of 
the Rietfontein boundary, and one mile north of Vlakfontein, is intersect- 
ing the strata in regular sequence. 
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Borehole No, 6, situated in the south-eastern corner of Daggafontein, 
half-a-mile north-west of Borehole No. 3, passed from the Main Reef Series 
into the footwall slates at a depth of 3,696 feet (corrected by borehole 
survey 3,125 feet vertical). 

A general outline of the strata passed through is given below in 
tabular form. The denudation before the deposition of the Dolomite is 
seen to be less towards the south-eastern corner of Daggafontein than in 
the north-eastern. This is readily seen if Boreholes 3, 5 and 6 in the south 
are compared with Borehole No. 1 in the north. 





BOREHOLES. 


HORIZONS. 


Dagga- 
fontein 

No. 1. 


Grootvlei 
Dagga- 
fontein 
Joint 

No. 2. 


Dagga- 
fontein 

No. 3. 


Dagga- 
fontein 

No. 4. 


Dagga- 
fontein 

No. 5. 


Dagga- 
fontein 

No. 6. 


BaseofDoIomite 
Series 


Feet. • Feet. 

904 1,140 

1 


Feei. 
406 


Feet. 
1,385 


Feet. 
429 


Feet. 
466 


Base of Kimber- 
ley Seríes 


2,069 1 3,492 

i 


2,118 


Drilling 
suspended 

in 
quartzites 

under- 
lying the 
Dolomite 

Series 


1,947 


2,018 


Base of Kimber- 
ley Slates 


i 
2,436 1 3,973 

i 


2,312 




2,220 


About 
2,460 


Amvgdaloidal 
Diabase 


2,630 to 
2,812 


4,195 to 
4,624 


Stopped 
owing to 
accidents 
at 2,627 (in 
Diabase). 




2,425 to 

(driiïiiig 

now, Dec. 

1905). 


2,460 to 
2,760 


Bird and 

Modderfontein 

Series 


2,812 to 

2,997 
with20ft. 
of Amyg. 
Diabase at 

2,940 


4,634 to 
5,435 








2,775 to 

3,405 

withJlSft. 

of Diabase 


Main Reef 
Footwall Slates 


3,277 


5,540 








3,696 
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In the samples of core which I have brought for inspection, specimens 
wiU be found of the various strata whicE have been passed through in 
regular sequence in the several boreholes. Boreholes Nos. 1 and 6 give 
complete sections of Kimberley Series, Kimberley Basement Slates, 
Amygdaloidal Diabase, Bird Serjes, Modderfontein Series, and the Foot- 
wall Slates of the Main Reef. A similar section was obtained from the 
Grootvlei-Daggafontein Joint Borehole. 

Owing to a series of mishaps, Borehole No. 3 finally stopped in diabase 
below the Kimberley Basement Slates, and Boreholes Nos. 5 and 6 were put 
down to cut the beds that No. 3 had failed to reach. Borehole No. 5, in 
which drilling operations are now proceeding, has not yet passed out of 
the Amygdaloidal Diabase, so that in the case of Boreholes Nos. 3 and 5 
the section is not complete, although perfectly regular so far as it goes. 

The two geological sections on Plate XV. represent a portion of the 
Witwatersrand Syncline in the neighbourhood of Daggafontein, and show 
the regularity of the strata. The Section A — B is taken through the 
Boreholes Geduld No. 2, Grootvlei Daggafontein Joint (Dagga No. 2) and 
Daggafontein No. 6, the length of the line of section being nearly 10 miles 
and the course approximately 35 degrees east of south. 

The Section C — D is taken in a northerly-southerly line through the 
Boreholes Daggafontein No. 1 and Daggafontein No. 3 ; on to this line 
the Boreholes Nos. 5 and 6 are projected.- The line of section extends 
over 3^ miles. 

The angle of rise or fall of the reef between all the above points is 
very slight, apparently varying anywhere from degrees upwards, and 
probably never over 10 degrees. 

The plan of the Far East Rand on Plate XIV., showing the situaiion of 
the above boreholes, is practically a reproduction of the contour map 
accompanying Dr. Hatch's paper, with some slight alterations based on 
ihe data that more recent developments have afforded. From the contour 
lines indicated it appears that the eastern rim of the main syncline does 
not present a regular outline, as the borings suggest that a certain amount 
of folding obtains between the Nigel and the Pahnietkuil areas. 

In the course of drilling in the south-easiern corner of Daggafontein, 
the fact that in two boreholes, Nos. 3 and 5, a highly auriferous banket 
reef was unexpectedly found at a depth of about 2,000 feet from surface, 
occasioned a certain amount of conjecture as to the identity and horizon 
of the said reef. 

Various suggestions were brought forward, some contending that the 
driU must have penetrated the Main Reef Series, while others supported 
the theory that the site of the borehole lay outside of the sub-outcrop of 
the Main Reef, and that the reef intersected!, in their view, was actually 
one lying, as before mentioned, some 1,500 feet below the Main Reef. 

The last-named theory is confuted by the faot that the Main Reef has 
been struck in Daggafontein Borehole No. 6. 

The theory that the banket encountered at 2,117 feet in Daggafontein 
Borehole No. 3 and at 1,946 feet in No. 5 is Main Reef is found to be 
untenable, for the reason that Daggafontein Borehole No. 6, situated 
between Boreholes 3 and 5, and about 800 and 900 yards distant respec- 
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tively, has proved the Main lieef Series 1,236 feet below the Kimberley 
Banded Slates, and at a total depth of 3,696 feet 

Further, that theory postulated the absence of a sequence of rocks 
hitherto found to be constant in the East Rand above the Main Reef, 
namely, the occurrence of Kimberley Banded Slates, the Amygdaloidal 
Diabase and the Bird and Modderfontein Series. 

A careful comparison of the core from each of the boreholes under 
my supervision shows, however, that apparently no departure from normal 
conditions has anywhere been encountered as a result of deep boring on 
Daggafontein. 

In estimating the results of the Daggafontein Borehole No. 3, with 
regard to the conduct of f urther drilling operations in the locality, the two 
lines of reasoning on which I based my argument that the Main Reef had 
not then been encountered in the south-eastern corner of Daggafontein, but 
merely one of the bankets of the Kimberley Series, were firstly, the argu- 
ment already outlined, viz., that based on the fact that the regular sequence 
of Upper Witwatersrand Beds had not been intersected; and secondly, an 
argument dealing with the characteristics of the two slate beds. 

As has been frequently noted, a great similarity exists between the 
Basement Slates of the Kimberley Series and the Main Reef Footwall 
Slates; in the hand specimen, indeed, they are sometimes indistinguish- 
able, in which case it is impossible to determine the horizon of a particular 
slate bed without a closer examination. 

Microscopically, as well as macroscopically, there appear to be no 
points of absolute dissimilarity between the belt of banded slates at 
the base of the Kimberley Series and the Main Reef Footwall Slates : 
the distinction between the two slate occurrences being rather one of 
degree than of actual contrast. A fuli description of their charactêristics 
will be found in *' Notes on the Witwatersrand Gold Deposits and their 
Associated Rocks," by Dr. Hatch, read before the South African Associa- 
tion of Engineers, August 26th, 1903. 

Briefly recapitulated, the substance of the description there given is, 
that the Kimberley Basement Slates have a banded character, are dark 
grey to black in colour, having a satiny lustre on cle.aved surfaces. The 
rock appears mainly as a dark grey slate, containing small specks of 
sericite, which can bo recognised in the hand specimen by the glistening of 
its scales. 

The Main Reef Footwall Slates are on the whole relatively harder than 
the Kimberley Basement Slates; they also to a certain extent assume a 
banded character a f ew feet below the contact with the reef ; in colour, they 
vary from grey to black, and assume a greenish tinge at or near the contact 
The composition of the characteristic rock mass is much more dense than in 
the case of the Kimberley. 

Microscopically, an examination of these two slate beds also yields 
interesting points of comparison, as is evidenced by the series of rock 
sections, which are submitted for inspection, together with the hand speci- 
mens from which they were cut. 

It is not my intention in this paper to give a complete microscopical 
description, this having already been done by Dr. Hatch in the paper 
above alluded to, but simply to draw attention to certain features affecting 
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the subject with which we are dealing. The obseryations can only be taken 
as applying coUectively to a series of rock sections from the horizons in 
question. 

Microscopic sections of Kimberley Basement Slates have been prepared 
from Daggafontein Borehole No. 1 at a depth of 2,331 feet, from No. 6 at 
2,025 J feet, from No. 3 at 2,118J fect, and from No. 5 at 2,018 feet; and 
from the Grootvlei-Daggafontein Joint Borehole at 3,534 feet. These 
sections show the ground mass of minute quartz fragments, with chlorite, 
sericite, pyrite, zircons, with their pleochroic rings, and innumerable 
spicules of rutile (TiOj) ; sometimes also rutile grains showing knee and 
heart-shapcd twinning can be observed. The characteristic feature of a 
section of a Eimberley Basement Slate as compared with a Main Reef 
Footwall Slate being the abundance of rutile, especially in the form of 
hair-like spicules, sometimes in what one might almost call a network 
mass, and occasionally in more or less star-Iike aggregat^s or clusters. 

Microscopic sections of the Main Reef Footwall Slates are also on the 
table for inspection; these have been made from Daggafontein Borehole 
No. 1 at 3,312 feet, Borehole No. 6 at 3,696 feet, and from the Grootvlei- 
Daggafontein Joint Borehole at 5,550 feet. Here also we find a quartzitic 
ground mass, besides chlorite and some constituents which are almost in- 
distinguishable. Rutile is also found in the Main Reef Footwall Slates, 
but not in such abundance as characterises the Kimberley Slates 
already described. In fact, the sections in question point rather to a 
comparative paucity in rutile, and its appearance is generally marked 
by a grain-like or truncated form, exhibiting occasional knee and heart 
twins. It may also be noted that the Main Reef Footwall Slates are 
sometimes intensely chloritic in parts, as, for instance, in the rock 
section submitted from Daggafontein Borehole No. 1 at 3,312 feet. 

Thus, rutile and chlorite are found in both the Kimberley and the 
Footwall Slate Beds, but in the upper horizon the rutile occurrence is 
cbaracterised by great abundance as compared with its occurrence in the 
older slates; also the prevailing form of rutile in the Kimberley is that 
of hair-like spicules, while in the Main Reef Footwall Slates the shórt 
truncated form is the one chiefly observed. 

In making an ezamination of a series of microscopic sections of 
characteristic portions of the slate beds of either horizon, it is generally 
possible to determine whether they belong to the Kimberley or to the Main 
Reef Footwall. 

For purposes of comparison, I have included among the slides sub- 
roitted, two rock sections from the Nigel field ; these are taken from beds 
which appear to me to correspond with the Kimberley Banded Slates and 
the Main Reef Footwall Slates in the East Rand, and microscopic examina- 
tion confirms the resemblance. One cannot, of course, draw conclusions 
fiom two isolated specimens, but it is interesting to note what confirmation 
they afford to the theory as to the identity of the Nigel with the Main Reef, 
alroady almost definitely proved by cvidence froni other Rourccs. 

During the discussion of this subject before the Society in July of 
last year, Dr. Carrick drew attention to an ihteresting fact, namely, *' that 
No. 2 Borehole on the Townlands of Heidelberg" in his opinion 
'* undoubtedly intersected the Nigel Reef at a depth of 1,943 feet from the 
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surface, approximately 1,500 feet below a highly payable reef, such as is 
nowhere known to exist on the East Rand in the Kimberley Series " — that 
Í8 to say, that there were two horizons, one 1,500 feet below the other, which 
carried good values, the lower of the two corresponding in Dr. Carrick's 
view to the Nigel Reef ; this occurrence was instanced as a strong argument 
against the Nigel-Main Reef correlation theory. As recent developments 
on Daggafontein have shown, however, here also are two reef horizons, the 
one approximately 1,500 feet below the other, the lower of which is clearly 
proved by the evidence outlined in this paper to belong to the Main Reef 
Series ; so that if these two reef horizons correspond to those encountered 
in the Townlands of Heidelberg, then, according to Dr. Carrick's own argu- 
ment, the Main Reef and the Nigel Reef, both constituting the lower 
horizon, are in that case identical. 

Sunmiarising, as a result of recent exploration in the East Rand, it 
appears to me that the following facts are established, affording additional 
proof as to the identity of the Nigel and Main Reefs. 

(1) The continuity of the Witwatersrand Beds has now been proved 
southwards for 3^ miles across Daggafontein to within 5^ miles of the 
Grootfontein Central Nigel Deep Joint Borehole, in which the presence of 
the same Witwatersrand Beds was observed on the dip of the Nigel Reef. 

(2) The boreholes on Daggafontein demonstrate that perfect regularity 
in the sequence of the Upper Witwatersrand Beds is maintained as far 
Bouth as the boundary of Vlakfontein No. 21. 

(3) Two boreholes (Daggafontein Nos. 3 and 5) have now proved that 
a rich banket may be found in the Kimberley Series, thus over-ruling the 
objection that the Nigel and the Main Reefs could not be identical because 
a rich banket was intersected 1,500 feet above the Nigel Reef in the Town- 
lands of Heidelberg. 

(4) That it is the Kimberley Series in which Daggafontein Boreholes 
Nos. 3 and 5 have encountered this banket is proved by the evidence 
deduced from the sequence of strata, supported by the macroscopic 
features and microscopical examination showing the characteristic 
abundance of rutile in the Kimberley Basement Slates. 

In comparing the slate horizons, my thanks are due to Dr. Corstorphine 
and Mr. Holford for their kindness in permitting me to examine many rock 
sections, and also to the Companies interested, for permission to make use 
of the data which the recent boreholes have furnished. 
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NOTES ON THE COPPER DePOSITS OF LiTTLE NaMAQUALAND 

(Read 18th December, 1905). 
By J. H. Ronaldson, 

[Plate XVII.] 



Little Namaqualand is situated in the extreme west of Cape Colony, 
and Í8 bounded on the north by the Orange River, on the west by the 
Atlantic Ocean, on the south by the district of Van Rhyn*8 Dorp, and on the 
east by an arbitrary line passing in a north and south direction through 
Bushmanland. 

HISTORICAL. 

The country is arid, sterile, and forbidding in aspect, and presents 
an uninviting front on all sides, while tKe fertility of the land to the south 
dies out on its borders. But, in spite of all these disadvantages, the country 
has been parcelled out into farms, on which a few more or less nomadio 
Boers maintain a small and varying quantity of stock. The original 
inhabitants were Bushmen and Hottentots, of whoni the former have now, 
with few exceptions, been pushed northwards into the Kalahari Desert, and 
thc latter still remain either pure bfed or with a mixture of European 
blood. 

Copper ornaments worn by natives early attracted the attention of 
the European settlers of Cape Colony, and in 1685 Governor Van der Stell 
fitted out an expedition to explore tlie country. This expedition seems to 
have penetrated as f ar as Koperberg, the most southern of the east and west 
cc pper-bearing belts of dyke matter traversing the granitic gneiss of the 
oentral part of the country. A small excavation a few feet deep, with the 
date 1685 roughly chiselled on the rock, is still pointed out as a relic of 
this early but unsuccessful enterprise. In a report dated 4th May, 1762, 
made by Dr. C. C. Rykvoet to Governor Tulbagh, the occurrence of copper 
in the O'okiep-Concordia district and on the Orange River is described. 
Towards the year 1780 copper was worked in Namaqualand by Gordon and 
Patterson, but apparently with little success. In 1837, Sir James 
Alexander interested himself in the question, and as a consequence some 
years later the Mining Company of South Africa began work with the in- 
tention of operating on a large scale, but soon went into liquidation. In 
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1847, by a proclamation of Sir Harrj Smith, Little Namaqualand was 
annezed to Cape Colony. 

During all this time, while it was well known that copper was some- 
what widely distributed through the country, it would appear that failure 
in looating really rioh deposits prevented the establishment of copper 
mining, and it was only in 1852, when Messrs. Phillip and King oommenced 
operations at Springbokfontein, that general attention was drawn to the 
possibilities of the country. As is not uncommon, matters were overdone in 
the wild rush for copper properties, and by the beginning of 1866 thirty- 
five oompanies had been formed. Two only eventually brought their opera- 
tions to a successful issue, and their representatives of to-day, The Cape 
Copper Company, Limited, and The Namaqua Copper Company, 
Limited, stiU carry on work vigorously and profitably, and are the sole 
copper-producing companies in the country. Copper forms at present the 
ouly mineral wealth, and it may be said practically the only wealth, of the 
country. 

DBSCRIPTIVB. 

The country may be divided into two parts, one the low country, which 
forms an undulating plain following the coast, and eztending to a width 
of about forty miles ; the other the higfi country, which lies parallel to the 
first, and occupies a like width. The coast, fringed with wind-blown sand 
dunes, is unbroken by promontories of any extent or height, or by indenta- 
tions where safe anchorage can be had in all weather. 

The low country rises gradually from the sea to the base of the high 
oountry, and has its geological features hidden beneath a covering of sand, 
except where hills stand out above the general level. A growth of low bush 
is spread over the surface, and this, while checking the drifting of the sand, 
affords scanty feeding for a few sheep and goats. Water is scarce, and is 
found only by sinking, for the streams indicated on the map of the country 
are, with the exception of the Orange River, really nothing more than 
channels for carrying off the sudden and short-lived torrents of the rainy 
season. Transport across this sandy waste is laborious and slow, while the 
scarcity alike of water and food for oxen and other animals adds enor- 
mously to the difficulty. 

The inland belt of high country is also very dry, and attracts only 
sufficient moisture to give an average rainfall at okiep of seven inches 
per annum. The roads of this part, whlle hilly, are harder and offer 
reasonable facilities for transport. 

Further inland, and to the east of this highest and hilly belt, the rain- 
fall again decreases, and at Pella R. C. Mission Station, on tfie Orange 
River, the average rainfall is two inches per annum. In the hilly belt 
the valleys lying between the bare granitic hills possess, in spite of appear- 
ances, a certain fertility and yield fair crops of wheat, while the low 
shrub-like growth and scanty grass provide food for cattle, sheep, and 
goats. 

The O'okiep-Concordia district, in which the existing copper mínes 
are situate3, lies about 50 miles from the coast, and is usually reached by 
boat via Port Nolloth, where steamers and sailing ships can lie at anchor 
in an open roadstead. From the port a 2 feet 6 inch gauge railway, con- 
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struoted and owned by the Cape Copper Company, runs a distanoe of 90J 
miles to O'okiep Mine, and conneots with short branches to the other mines. 
The question of the acquisition of this railway by the Cape (jovemment is 
now under consideration. 

GBOLOOIGAL FBATURBS. 

No geological survey of Little Namaqualand has yet been undertaken 
by the Government, and the scanty information available has been collectod 
by various individuals and published at odd times. It is much to be re- 
gretted that greater interest has not been shown by successive governments 
in this matter during the last half-century, as a careful study of the 
geological features and the problems surrounding the ore deposits would 
undoubtedly afford useful information to the mining industry. 

The rocks of the ooastal low country, from the Orange River to the 
southern boundary, consist of tilted schists, quartzites, and indurated 
shales, and these are reproduced in that portion of Bushmanland forming 
the eastern part of the country. In the western portion the strike is north 
and south, and the general inclination is towards the west, though in plaoes 
it may be reversed. At the old Elizabeth Gilbert Mine on the Orange River 
the inolination is 80° to the west, at Port Nolloth 30® to the west, and west 
of Specktakel Mine 75° to the west. On the eastern belt the inclination 
at Henkries on the Orange River is 46° to the north-east, and at Eendop 
85° to the north-east. 

The central portion of the country is occupied by granite and gneiss, 
with their variants, capped in some of the higher parts by horizontal 
quartzites enclosing pebbles in places, by indurated shales bearing some 
slight resemblance to the flagstones of the Pretoria Seríes, and by calcare- 
ous beds, from which lime is obtained for local use. 

The geological features of the country were described by Dunn in 1873, 
and Kuntz* in 1904 contributed to this Society a further short descrip- 
tion. The crystalline schists and granitic gneiss may be classed as 
members of the Archa?an System. 

Copper ore is found throughout the country, Tboth in the region of 
the tilted rocks and of the gneiss. ít is also found north of the Orange 
River in German Territory, and its mode of occurrence there has been 
described by Kuntz* and Voit.f 

The ore usually occurs in vein matter traversing the oountry rock, 
whether it be schist, quartzite, or gneiss, but it is also found impregnating 
the schists in beds parallel to the stratffícation, as at Kabas, near Pella. 
It is, however, in the gneiss alone tEat copper mining has hitherto been 
successfully and continuously worked. 

The bearing of the veins in the crystalline schists is in general north 
and south or north-west and south-east. In the western belt at Konolosip, 
T'Kodas, and Elizabeth Gilbert Mine, on the Orange River, the bearing of 
the veins is N.N.W. ; at Eendop, in Bushmanland, the veins run N.W., but 
on the Godfrey Ermine property, near Pella, the vein lïears N. 8° E. 

• J. Knntz, "Copper Ore in South-West Africa," Geol. Soc, S.A., vol. vii., part ii. 
t F. W. Voit, " A Contribution to the Geology of German South-West Africa," 
Geol. Soe. S.A,, vol. vii., part ii. 
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In the gneissoid rocks the direction of the copper-bearing Teins is east 
and west, although looal variations may be found, as in portions of the 
Koperberg-Carolusberg belt, where in part it is north and south. As will 
be seen in Plate XVII., five well-defined east and west belts run through 
the gneiss of the O'okiep-Concordia district, and, although gossan rarely 
marks the outcrops and the veins are frequently much interrupted, with 
wide gaps between the isolated outcrops, the lines are sometimes visible 
to the eye for many miles as light to dark brown iron stains in the more 
lightly coloured gneiss. 

VEIN MATTBR. 

It is evident that these belts originated in fissures or shattered lines 
in the granitic gneiss, but while they have the appearance of being fílled 
with igneous matter it is not altogether clear that they are not due to 
alteration of the original rock arising from pneumatoiitic action. In 
places they are regular in direction and persistent in occurrence, at other 
places, whíle a constant direction is maintained, continuity in the vein 
matter is frequently and abruptly interrupted. The dividing line between 
the vein and the enclosing gneiss may be clearly enough marked although 
no joint is observable. On the other hand, the transition between the 
two is often gradual, and it is then difficult either on the surface or under- 
gioimd to define precisely the limits of the vein. 

In colour the vein matter, which may be taken as the gangue of the 
ore, is in general dark coloured in f resh samples, but may vary f rom black 
to light grey. Masses or * * horses *' of gneissoid rock are to be f ound 
incorporated in the gangue, and the occurrence has been noted X at Wheal 
Maria, Concordia, of a vein of pegmatite penetrating the vein with an east 
and west strike, and a dip of 75° to the north. This pegmatite is composed 
of dark grey quartz, orthoclase stained green and blue with copper, and 
dork brown mica with a bronze lustre. A vein of pegmatite has also been 
observed by the writer associated with the vein matter on the surface at 
Success Mine, near Concordia. 

The copper ore occurs as a normal constituent of the gangue precisely 
03 the other constituents, but it may also be occasionally found penetrating 
for some distance into the surrounding or the ** horses ' of granitic rock. 

The writer is indebted to Mr. C. B. Horwood for the microscopic 
determination of sections of samples taken from the lodes, as follows : — 

Ookiep Mine. — From 48 fathom level; gangue of lode, showing 
garnets. Composition ; quartz, garnet, mica, f elspar, in a f elsitic 
ground-mass. 

O'okiep Mine. — From 90 f athom level ; gangue of lode. Comp. : 
holocrystalline aggregate of quartz and decomposed ferro- 
magnesian minerals (mica and hornblende ?) ; rock too decomposed 
for accurate deacription, with the exception of the quartz, which is 
by far the most abundant constituent. Very acid igneous rock. 

Tweefontein Mine, Conoordia. — Granitic gneiss of oountry in which 
Tweefontein lode occurs. Comp. : fresh plagioclase felspar, 

X M. Delesse, Annales des Mines, 5 seríe, 1885, tome viii. 
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orthoclase, a little microcline, quartz, green and brown micas, a 
little chlorite. AU the felspars are characterised by their fresh- 
. ness. General descríption : granitic gneiss, similar to the old 
granite of South Africa. 

Tweefontein Mine. — Gangue of lode. Comp. : holocrystalline aggre* 
gate of strongly pleochroic hypersthene and f resh plagioclase ; = 
norite ; black oxides of iron, a little yellow and brown mica. 

Nababeep Mine (1). — From 43 f athom level ; gangue of lode with fine 
grains of bornite. Comp. : strongly pleochroic hypersthene, a 
little augite, black oxides of iron;= pyrozenite. 

Note. — Mr. A. W. Rogers, Director of the Geological Com- 
mission, Cape Colony, has f urnisHed the following description of a 
thin section of very similar rock from the same locality : " This 
dark, rather fine-grained rock consists mainly of hypersthene 
(an orthorhombic pyroxene), magnetite, bornite, with very small 
quantities of biotite, and a basic plagioclase felspar. The struc- 
ture is that known as granulitic, but it differs from the other 
Cape granulites known to me by the absence of garnet and the 
abundance of hypersthene and ores. The bornite occurs as a con- 
stituent of the rock in precisely the same manner as the hypers- 
thene and the magnetite. This is a very unusual type of rock; 
it may be called a hypersthenite, and is related to the norite 
group, which includes rocks made of rhombic pyroxene and 
plagioolase.'' 

Nababeep Mine (2). — Gangue of lode. Comp. : holocrystalline aggre- 
gate of hypersthene, enstatite, plagioclase, some brown mica, a 
little orthoclase ; = norite. 

Old Nababeep Mine. — From 27 fathom level, gangue of lode, carries 
copper in places, but no great quantity of ore has been obtained 
ïrom this mine. Comp. : quartz granules in a much decomposed 
felspathic ground mass, chlorite ; = decomposed chloritic fels- 
pathic rock. 

Carolusberg East Mine. — From 30 fathom level, at face of drive. 
Comp. : quartz, felspar, a little míca ; a little granophyric struc- 
* ture observable in places; = a micro-granite. 

The following determination of hand samples may be given : — 

Koperberg Lode, near Van der Steirs excavation. Gangue of lode; 

contains quartz, magnetite, biotite and bornite. The bornite 

occurs as in the Nababeep rock described above. 
Narrap Mine. — Gangue of lode ; contains quartz, felspar, homblende, 

biotite, bornite and chalcopyrite. 
Eilduncan Mine. — Gangue of lode; contains quartz, felspar, biotite, 

magnetite, with a little bornite. 

While the copper-bearing lodes can in many cases be readily traced for 
miles, either through the distinctive character or the shade of the rock, or 
by the presence of copper as sulphides or carbonates, or by a somewhat rare 
gossany outcrop, it is seldom that surface indications of copper deposits 
have been very encouraging, and stiU less frequently have these indications 
led to successful results. 
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It will be noticed on tlie accompanying map, Plate XVII., that fivc 
mineralised belts are shown, all having an east and west bearing. Each 
belt is actually represented bj one principal lode, which may maintain its 
oontinuity so clearly as to be traceable for miles, or may be in evidence 
only from point to point with long gaps between. There are, however, 
other more or less irregular and rather ill-defíned lines of lode matter, a» 
around Concordia and at one or two other places. 

On the mo8t southern of these belts are situated the mines of Speck- 
takel and Springbokfontein, from wEich large quantities of high grade ore 
were obtained, together with the less productive workings of Koperberg 
and Carolusberg. All these mines are now entirely abandoned. On the 
two latter points a large amount of prospecting work has been carried out 
by the Cape Copper Company on a well-defíned and promising line, but 
without satisfactory results. 

On the second line occur the Cape Copper Company's working mines 
of Nababeep, okiep, okiep East, and Narrap, and so far this has been 
by far the most productive line. 

The fourth line lies north of the small mining town of Concordia, and 
ÍDoludes the Tweefontein Mine, now carried on very successfully by the 
Namaqua Copper Company. 

The names and outputs of the mines at present producing copper are 
the foUowing : — 

Tons of 
Year Ending Ore Mined. 

O'okiep ... Dec., 1904 ... 20,000, yielding 16 per cent of copper. 

Nababeep ... „ ... 50,000, „ 6 „ 

O'okiepËast ... „ ... 3,300, „ 36 „ 

Tweefontein ... „ ... § 12,500, „ 26 „ 

From the most recent information obtainable,|| the following fígures 
regarding the total copper production of tbÍe country have been compiled : — 

The Cape Copper Company's Mines.-— From the opening of the 
mines in 1852 to the end of 1862 :— 

Springbok, Specktakel, O'okiep produced ... 18,999 tons of 21 cwt. 

RaisedbyCape O'okiep ... 164,025 

Copper uo. from Specktakel ... 14,765 

1862 to 1882 (20 years) Trial Mines ... 1,057 179,847 

198,846 tons of 21 cwt. 

The average value of this ore was 29*5 per cent. of copper. 

§ This represents the tonnage of dressed ore. 

11 T. Quentrall and J. H. RonaldsoD. Report to the Govemment of Cape of Good 
Hope on the Mincral Rcsourccs of Namaqualand, 1905. 
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From the begínning of 1883 to the end of 1904 the production in tons 
of 20 cwt. was : — 

O'okiep ... ... 534,626 tons, average value 20'20 per cent. of copper. 

Specktakel ... 19,636 ,, 3185 

Springbok ... 332 „ 3050 „ 

Nababeep ... 114,332 „ 616 

O'okiep E. ... 19,022 „ 502 „ 

Koperberg ... 6,087 „ 949 

Narrap ... ... 1,326 „ 13*05 

Carolusberg ... 8 „ 1860 . 

Thb Namaqua Copper Company's Mines.— From 1884 to the end 
of 1904 :— 

Tweefontein ... § 138,683 tons, average value 25*4 per cent. of copper. 

FlatMine ' ... § 5,000 „ 20 „ 

Hester Maria .. § 3,500 „ 20 „ 

As many of the above peroentages of copper contents are those of the 
ore subsequent to concentration, it is impossible to arrive approzimatelj 
even at the average value of the ore mined and raised, but much of it from 
Springbok, Speoktakel, and O'okiep Mines has been abnormally rich. 

To the foregoing quantities may be added the following lying at the 
mines : — 

O'okiep ... 100,000 tons of tailings, average value 10 per cent. of copper. 
Tweefontein 50,000 „ ore, „ 9 „ 

Flat Mine... 100,000 „ tailings, etc., of smelting value. 

A f ew thousand tons of ore have also been produced f rom one or two 
small mines, suoh as Nigramoep. 

The rich ore deposits of O'okiep, Tweefontein, and Nababeep are 
found in masses more or less lenticular in shape, varying in value through- 
out the masses from the richest bornite to quite useless gangue, but the 
ore, though decreasing below a profitable grade beyond these masses, stiU 
ocours in places along the lodes in low and of variable values, as in the 
cature of a normal element. 

These deposits are characterised in relation to the lodes by their 
comparatively limited longitudinal and vertical extension, but by their 
great width. For instance, the length of the O'okiep deposit is about 1,300 
feet, its greatest measurement vertically 300 feet, and its greatest width 
390 feet. 

In Tweefontein Mine there are three ore bodies being worked at 
present, of which the first and second lie apparently in a copper-bearing 
run of ground dipping slightly east, but are separated from one another 
by 700 feet of unpayable ground. The third ore body lies iuimediately 
below the second, and is separated from ít by 85 feet of barren ground. 
Each of these ore bodies has, like that of the O'okiep Mine, a slight easterly 

S This represents the tonnage of dresaed ore. 
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dip in t&eir longitudinal eztension, and each in oross-seotion terminates 
below in a bifurcated outline, as shown in sketoh. The dimensions of 
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these three masses are, in the order given, as follows : greatest length, 640, 
550 and 760 f eet ; greatest depth, 240, 225 and 300 feet ; and greatest 
width, 75, 50 and 40 to 60 feet. 

The ore deposit at O'okiep is divided iuto two unequal portions by a 
ncrth and south fault of 240 feet, on the western side of which a small 
upward extension of the smaller portion appears to have been exposed by 
erosíon and to have led to the discovery of this fíne mine. The main body 
of the ore lies to the east of the fault. 

It would be a matter of the greatest interest were it possible to deter- 
mine the factors which induced the segregation of the ore in ^hese rich 
niasses, or at least to ascertain the special conditions of the enclosing rocks 
with which their occurrence is associated. Mr. J. Euntz in an interesting 
paper on this subject, already referred to, discusses the question and ad- 
vances the theory somewhat tentatively that the segregation of ore may 
Oí'cur only at points where certain N.W. — S.E. joints in the granitic gneiss 
cross the east and west fractures now occupied with lode matter, and where 
this intersection is again crossed by beds in the enclosing rock rich in iron. 
The writer of the present paper was unable to observe during his short 
visit to the district that data in support of this theory were very evident. 

Large simas of Tnoney have been spent for many years by the Cape 
Copper Company in prospecting shafts and drives under the skiUed direc- 
tion of their mine captains, whose energies are fully occupied with their 
practical duties, and much money has been similarly expended from time 
ro time by other companies, but the assistance of detailed and continued 
scientific enquiry does not appear to have been sought. 

The simple methods of mining adopted in the working of these ore 
bodies do not call for special remark. The wonderful solidity of the sur- 
rounding rock has facilitated their adoption. Exploring drives and 
winzes define the workable ground, underhand stoping extracts the bulk 
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of the ore, while pillars irregularly spaced, but as far as possible one 
above the other in the different levels, support the roof. These piUan are 
at first of large size, and are gradually * * robbed " tiU the spaces around 
them become caverns of great extent and height. 'ín O'okiep Mine, which 
has been at work for fifty years, the spaces now left are particularly large. 
A certain amount of fiUing with débris from the surface has been carried 
out, but Í8 scarcely noticeable, and it must become increasingly difficult to 
e^tract with safety the last of the piUars from the mine. No attempt has 
been made in any case to pack the spaces with sand or smaU débris carried 
by water through pipes. 

ORES FOUND. 

In the earlier days of the industry examples of the foUowing ores are 
said to have been found : — H 

Native copper, very rare, at Hester Maria, Concordia. 

Cuprite, abundant, «.^., at Concordia. 

Chalcocite, very abundant, at Concordia, Tkodas, Springbokfontein. 

Tetrahedrite, found among the minerals at Specktakel. 

Tenorite, found sometimes near the surface. 

Malachite, at Specktakel, Hester Maria, and near Schaap River and 

Orange River. 
Azurite, rarer, at Concordia, crystaUised. 
ChrysocoUa, disseminated in the decomposed ore, notably at 

Eilduncan, T'kodas, etc. 
Bornite, in most of the lodes. 
Chalcopyrite, usuaUy accompanying the bornite. 

At present bornite and chalcopyrite are the only ores mined. Of 
these the high grade sorted ore is shipped direct to Swansea, and the low 
grade is smelted to 50% regulus by The Cape Copper Company in circular 
briok furnaces, and has up to the present been crushed and concentrated 
by jigger and magnetic separator by The Namaqua Copper Company, or 
left on the dump for future treatment by smelting. This Company has 
recently erected a 150 ton water-jackel blast furnace which should now 
bc able to treat profitably large quantities of their low grade ore. 

ir Delesse, Annales des Mines, 5 serie, 1885, tome viii. 
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The Pretoria Series in the Marico District 
(Kead 18th Deceinber, 1905). 

By G. G. Holmes. 

[Plates XVIII. and XIX.] 

The general geological structure of the Marico distriot has been de- 
scribed by Dr. Hatch.* The beds from the Black Reef to the Pretoria 
Series form a broad syncline, the north and south limbs of which are con- 
nected by a wide curve to the west. 

In the basin formed by this syncline soine rocks belonging to the Bush- 
veld Plutonic Complex are found. I propose in the present paper to 
describe more particularly the Pretoria Beds as they occur in the district. 

THE SOUTHBRN OR ZEERUST SIDE OP THB STNCLINB. 

The general topography of the country occupied by the Pretoria Beds 
on the south side is as foUows : south of Zeerust, a hilly country about 
10 miles in width; north of Zeerust, three well-defined ranges of hills, all 
having a steep slope towards the south, and a slope northwards, corres- 
ponding roughly with the dip of the beds in that direction. The first 
runge, about 600 feet in height, is situated immediately north of Zeerust, 
between Karroo Spruit and the Doorn River valley. The second range is 
from 300 to 400 feet in height, and is situated between the Doorn River 
valley, with its extension eastwurds after its junction with the Little 
Marico River, and the Roodesloot Valley. The third range, situated 
between Roodesloot and Turflaagte, includes the Enzelberg, the highest 
point of which is 1,100 feet above the adjoining valley, and 1,200 feet above 
the town of Zeerust. North of the third range is a broken country, merg- 
ing gradually into the Bushveld, which oocupies the central portion of the 
district. 

Directly north of Zeerust these ranges, and the formation of which 
tbey are composed, have a general east and west trend. Eastwards the 
two northernmost ranges curve gradually in a north-east direction towards 
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the Marioo River, while a short distance west of Zeerust both the ranges 
and the formation curve to the north-west through Molilo's Location to the 
western boundary of the Transvaal. 

I shall fírst describe the sequence of the beds of the Pretoria Series 
ds they occur on the southern limb of the main synoline along a line north 
and south, passing in the neíghbourhood of Zeerust, and represented in 
Section No. 1, Plate XIX. 

These beds here ocoupy a belt of country over 30 miles in width at 
right angles to their strike ; this width, which is very muoh greater than 
tbat occupied on the northern side oï the syncline, or elsewhere in the 
Transvaal, is due to their slight angle of dip and their undulating posi- 
tion; the dip varies from horizontal to lO^ towardb the north, but Bouth 
of Zeerust the beds show some disturbance, and dip in places towards the 
south, forming a gentle anticlinal fold, the denuded crest of which forms 
the Zeerust Valley. 

Further south, near the contact witH the Dolomite, the beds are found 
with their normal dip from 10® to 15® to the north. Between Zeerust and 
the Dolomite contact, the beds are mainly horizontal shales capped on the 
hiUs by quartzite. The lowest bed for some distance on Wintershoek and 
clsewhere is a banded shale, much contorted. A thin bed of quartzite 
immediately overlies the Dolomite at Groot Afdeeling. A bed of chert 
conglomerate occurs near the contact (mentioned by Hatch). This bed is 
not everywhere to be seen. I have also located a chert conglomerate on 
Weltevreden No. 115, one mile south of Jacobsdal. 

Following is a thick development of shales, containing some intrusive 
bcds of dolerite. These shales, accompanied by flapstones, are cxpo^ïod 
from near the Dolomite contact northwards, both on the hills south oi 
Zeerust, and also in the first range north of that place. 

They are overlaid by quartzite, which, though comparatively thin, 
covers large areas. Most of the hills south of Zeerust are capp>ed by 
quartzite, which I take to be part of the same bed which overlies the shales 
on the first range north, extending northwards to the Doom River valley. 
They owe their position in the first-mentioned area to the antiolinal fold 
above-mentioned. (See Plate XIX., Section No. 1.) These quartzites I 
shall designate as Quartzites No. 1. 

The shales above-mentioned are well known, and are best seen in 
the range north of Zeerust, where their exposed thickness cannot be less 
than 800 feet. They contain throughout chiastolite crystals, whioh are 
too uniformly developed to be due entirely to oontact metamorphism with 
the dolerite. intrusions, but are more probably due to pressure 
metamorphism. 

The neit range of hills northward — that is, the range north of the 
Doorn River valley — consists of another bed of chiastolite slate, with 
dolerite intrusions overlaid by a thin bed of quartzite; this quartzite is 
dibtinguished from the first by beini^ 6t a harder nature, and containing 
conglomerate beds from a few inches to one foot in thickness. Above this 
quartzite is a thick bed of dolerite or diabase, which has characteristics 
that differentiate it from the many intrusive sheets of igneous rock 
which occur in this formation. The noticeable feature of this bed is that 
il is in part amygdaloidal ; a close examination shows that this structure 
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ocours here at more than one horizon. Three distinot layers of this rock 
can be seen, each of which is crystalline at the base and amygdaloidal on 
the top. These layers are separated by thin beds of hard blue quartzite 
fiom a few inches to three feet in thickness. The top layer of dolerite, 
besides showing an amygdaloidal and fluidal structure, includes fragments 
of shale and quartzite; it is also slightly mineralised, and shows specks of 
copper minerals in many places. 

The total thickness, including the quartzite beds, is f rom 300 to 400 
feet estimat^d. I think there is no doubt that this róck was contemporane- 
ous with the laying down of the adjacent beds, and not a subsequent intru- 
sion, for the following reasons : — 

1. Each bed is orystalline at the base and amygdaloidal at the top. 

2. It maintains the same general horizon over long distances, though, 

as wiU be seen later when we oome to examine the outcrops on 
the northern side of the syncline, they do not appear always in the 
same relationship to the quartzites containing the conglomerate ; 
this, however, would not affeot the conclusion, as conglomerate 
beds are not of such a nature as to have been formed over large 
areas simultaneously. 

3. The interbedded quartzites which divide the separate layers are too 

regular and thin to have been divided by an igneous intrusion, 
but appear rather to have been laid down between the separate 
flows; the metamorphism wEioh they show could well have been 
induced by the overlying flow. 

The volcanic action which produced tEese amygdaloids was probably 
in some way connected with that which produced the intrusive dolerites 
that occur in the Pretoria Beds, both above and below this horizon. 
Tbese intrusions have been shown to be at least old enough to have partici- 
pated in much of the faulting and folding which has affected these beds.f 

The amygdaloid is overlaid by a thin bed of shaly quartzite, contain- 
ing some magnetite, which forms the crest of the second range, followed 
by a fine-grained quartzite much ripple-marked, which covers the norther;i 
slopes of Range No. 2, and brings us to the foot of the third range. The 
alK)ve quartzite I have designated as Quartzite No. 2. 

The Enzelberg, which forms a part of the third range, on its southern 
escarpment affords a fíne section of the following beds, which are as 
follows : — 

Overlying the No. 2 Quartzite, a thick bed of dolerite, about 360 feet. 

Black quartzite and chiastolite shales with igneous intrusions, 350 
feet. These shales contain in places a large percentage of graphite, wHich 
serves to distinguish them from the lowest shales of the series, but not from 
the chiastolite shales of Range No. 2, which also contain some graphite in 
places. 

Overlying the shales, 450 feet of hard black quartzite, which forms 
the most conspicuous feature of the third range, west of the Enzelberg, 
forming the bulk of this range, the softer shales, etc, here occupying the 
valley to the south. 



t Hall and Steart, Trarm, Geol. Soc. S.A., vol. viii., p. 7. 
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The highest points of the Enzelberg are capped by a ooarse-grained 
white quartzite, which covers the northern slopes of the third range. This 
quartzite weathers into troughs and hollows in a peculiar manner. I do 
])ot think that this mode of weathering is characteristic of this bed in 
particular. This quartzite I shall distinguish as Quartzite No. 3. The 
upper portion of this quartzite, as seen in the foothills immediately 
south of the Bushveld area, is composed of alternating layers of black and 
white quartzite, with thin sheets of dolerite, the Itist outcrops being light 
coarse-grained quartzites lying in an almost horizontal position. 



THE NORTHERN OR DWARgBERG SIDE OF THE 8TNCLINB. 

The northern outcrops of the Pretoria Beds are found in the Dwars- 
berg Range and its vicinity. This range extends westwards from the 
Marico River to within about 5 miles of the Transvaal boundary, opposite 
the town of Ramut^a, where the main ridge breaks off abruptly ; for about 
15 miles west of the river the Dwarsberg consists of a single range with a 
double crest flanked on the southern side by a broken line of small hílls ; 
from this point, which is south of Apjaterskop, it consists of three separate 
ridges. (See Plate XIX., Section No. 2.) 

The Pretoria Beds on this side for some distance west of the Marioo 
liiver occupy a comparatively narrow strip, on account of their higher 
angle of dip, which varies from 20° to 30° towards the south. The lower 
beds here consist first of shales, containing near their base a well-defined 
bed of chert conglomerate, averaging 12 feet in thickness; this conglo- 
merate consists mainly of chert pebbles up to 2 inches in diameter, mostly 
well rounded ; it is very persistent on this side, and can be traced from the 
Marico River westwards to the Transvaal boundary. Near Ramutsa this 
conglomerate bed has through disturbance of the strata been folded and 
re]>eated as many as four times, giving it the appearance of being inter- 
bedded with the dolomite, a view adopted by Dr. Hatch.J The disturbanoe 
of the strata here probably explains the iibrupt torminatioii of thc niain 
Dwarsberg Range. 

East of Apjaterskop, this conglomerate though easily traced, forms 
no noticeable ridge, but just south of Apjaterskop it forms the crest of a 
considerable ridge which continues westwards into Vleifontein. About 
half-way between the dolomite contaot and the Dwarsberg Range for 15 
miles west of the Marico River is a narrow bed of hard quartzite inter- 
bedded wíth the shales for this distance. It makes no conspicuous feature, 
but west of Apjaterskop forms the crest of the main ridge, which is here 
fully 300 feet in height. This quartzite corresponds to that on the 
southem or Zeerust side, which I have designated Quartzite No. 1. 

The shales above this quartzite present few outcrops east of Apjaters- 
kop ; but a few miles to the west, on vhe f arni Heirawehberg No. 255, a con- 
siderable outcrop occurs, showing a slaty rock with chiastolite crystals 
developed in it. 

t Trans. Grol. Sor. S.A.^ vol. vii., p."3. 
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Oyerlying this shale, and occupying the northern side of the main 
range east of Apjaterskop, and westwards a valley south of the main range, 
itf a thick sheet of diabase in part amygdaloidal, which is evidently the 
same bed as that described on the southern limb of the syncline, and 
occupying about the same position, except that on this side it is overlaid 
by quartzite containing conglomerate, instead of being underlaid. At one 
point, however, south-west of Apjaterskop, there appears to be some con- 
g]omerate-bearing rock both above and below this bed. 

Following the diabase bed are the following beds in suocession : 
quartzite, with conglomerate beds up to 6 feet in thickness ; a dark 
quartzite containing some magnetic iron ; foUowed by a light coloured 
quartzite. These beds collectively correspond with Quartzite No. 2, 
and for some distance west of the Marico River form the main Dwarsberg 
Range ; f urther west they constitute the first range south of the main ridge. 

A peculiar feature of the conglomerate is that the pebbles in places 
nre of a softer material than the surrounding quartzite, which gives the 
rcck on weathering a honeycombed appearance. 

In the neighbourhood of the line of Section No. 2, No. 3 Quartzite 
is represented in the broken range of hills which are here situatcd about 
l^ miles south of the main runge; this quartzite consists of a thin bed of 
black quartzite, overlaid by tho typical coarse-grained white quartzite of 
tbÍB series. 

No outcrop was observed in the valley intervening between these hiUs 
and the main range, but this space is probably occupied by shales. I have 
scen pieces of shale rich in graphite which are said to have come from this 
neighbourhood. 

From the above, it wiil be seen that the beds to the north and south 
of the niain synclinc present, as might be expected, many points of siniil- 
arity. The chief difference is the comparative scarcity of igneous intru- 
sions on the northern side as compared with the southern side. 

A comparison of the Pretoria Series as here described with those in 
the Pretoria district, as described by Hall and Steart,§ and in the 
Government Geologicai Report for 1904, is also of interest, and shows that 
the Pretoria Series maintains its principal features over great distances. 
In each case there are three principal quartzite zones, and an igneous sheet 
in part amygdaloidal underlying Quartzite No. 2, which is equivalent to 
the Daspoort Quartzite. The beds containing magnetite, however, appear 
in the Marico district to occur in Quartzite No. 2, rather than in Quartzite 
No. 1 or Timeball Series. 

On the northern side of the syncline the regular dip of the beds makes 
it possible to make an estimate of the total thickness of the series, which 
closely approximates to 10,003 feet. 

On the southern side the flat angle of dip and the undulating character 
of the beds make an accurate estimate difficult. The foUowing sunimary 
of thicknesses is only approximate south of Zeerust. Range No. 1 north 
of Zeerust, 1,000 f eet ; Range No. 2 and Valley, 2,300 feet; Enzelberg 
Range No. 3, 1,500 feet; Valley, 300 feet; Hills and Bushveld, (?). 

§ Trans. Geol. Soc, S,A., vol. viiL, p. 7. 
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THE CENTRAL PORTION OF THE MARICO DI8TRICT. 

Thi8 portion Í8 known as the Marico Bushveld, and extends from the 
Marico River westwards to the Transvaal boundary for 35 miles. In a 
north and south direction between the Zeerust series of hiUs and the 
Dwarsberg it extends for 25 miies, with an approximate area of 870 square 
miles. On the western side is the valley of the Notwani River, whioh runs 
northwards. The central portion is occupied by the valleys of Springbok- 
laagte, Rietspruit, and Brakfontein Spruit, which all drain into the Marico 
River. 

The principal group of hills in this area is situated at the head of 
Biakfontein Spruit around the farm Zwartfontein. This group forms 
the most elevated portion of this area, and forms the divide between the 
Notwani and Marico Rivers. Besides this group, there are a few 
scattered hills, which are conspicuous chiefly on account o! their isolation. 

In the northern part of the Bushveld is a well-defíned area occupied 
by pyroxenites belonging to the Bushveld igneous complex. (See Map, 
Plate XVIII.) West of this, the upper quartzites of the Pretoria Series 
can be traced following a broad curve from the foothills of the Dwars- 
berg Range through the hills around Piet Zyn Kop, where they take a 
general north and south direction with a dip of 8° to 12° eastwards. 

To the south-west of Piet Zyn Eop lies the Zwartf ontein group of hills, 
ccmposed of quartzites accompanied by some dolerite intrusive sheets ; the 
beds here form a gentle syncïine, the axis of which has a north-east and 
south-west trend. The thickness of the beds here exposed is about 500 
feet. The central part is occupied by dense black quartzite lying hori- 
zontaily 350 feet thick; this is capped by small patches of fine quartzitic 
sandstone, and underlaid by light coloured quartzite 150 feet thick. On 
the north-weat and south-east sides of the syncline are extensive areas of 
liat country covered for the most part by alluvial soil with occasional out- 
crops of dolerite; the dolerite outcrops most prominently on the edges of 
the syncline in the vicinity of the quartzite, which it underlies as an in- 
trusive sheet ; in places, however, it breaks through the quartzite beds, in 
which case it forms some prominent kopjes, as on the northern boundary 
of Zwartfontein. In the flats, where the quartzite has oeen removed eu- 
tirely by denudation, the rock has been decomposed, and outcrops are 
scarce. In the plain to the north-west of Zwartfontein a solitary hill 250 
feet high, known as Spitzkop, is composed of dolerite capped by a small 
patch of quartzite; this kop gives an idea of the great thickness of the 
sheet. To the south-east of Zwartfontein lies the broad valley formed by 
the upper portions of Rietspruit. The exposures of rock are here found 
in the dry water-courses, which have cut down to the rock through 10 feet 
to 15 feet of soil. The rock thus exposed is a dolerite in a much decom- 
posed condition, and explains the scarcity of solid outcrops in this area. 
The dolerite can thus be traced across the valley, till we reach the northern- 
most outcrops of quartzite on the southern side of the Bushveld area. 
These quartzites are in an almost horizontal position, and overlie the 
dolerite above described. These dolerites are of the same nature, and 
ocoupy an almost similar position to those found interbedded with the 



Digitized by 



Google 



THE PRETORU SERIES IN THB MARICO DISTRICT. 173 

Pretoria Series elsewhere, and have evidently partaken of the folding of 
tbe adjacent quartzites, and owe their great surfaoe development to their 
horizontal position. 

The quartzites occur mainlj on the higher ground. Those exposed 
in the Zwartfontein hills are connected with those further north by low 
sandy belts with oocasional outcrops. 

MARICO VALLST. 

In the neighbourhood of the Marico River, in its course through the 
Bushveld country, there is a series of more or less isolated outcrops of 
quartzites, which reach to within a few miles of the Dwarsberg. These 
quartzites are much folded. Sharp anticlines occur with a north and 
south axis, rounded off towards the north, and open towards the south. 
Outcrops of this nature occur between Springboklaagte and the river ; near 
the junctlon of Springboklaagte and Rietspruit a narrow anticline fold 
of hard white quartzite with a dip of 30° east and 50° west. In the 
neighbourhood of Zelikatskop there is a considerable area of white 
quartzites underlaid by a thin bed of black quartzite, with a dip r.f from 
10° to 30° west. On the east side of the river, in the vicinity of the junc- 
tion of Roodewilger Spruit, much folded quartzites occur, both black and 
white metamorphosed. Associated with the quartzite along this line 
dolerites occur of the same nature as tEose elsewhere with the Pretoria 
Series. These have evidently participated in the folding of the quartzites ; 
their outcrops are found chiefly in the vicinity of the quartzites, but pro- 
bably cover much of the soil-covered intervening spaces, where they would 
have been exposed to decomposition. 

Taken collectively, these outcrops along the Marico River point to a 
great anticline fold in the Pretoria Beds with a north and south axis, 
accompanied by minor foldings along the same line, the whole narrowing 
and dying away in a northward direction. 

This disturbance does not affect the beds near the Marico Poort 
through the Dwarsberg, where the beds cross the river in a regular manner, 
east and west. Tfie disturbance of the strata along this line has no doubt 
determined the course of the river, which in places, as at Zelikatskop, 
follows the broken crest of the anticline. (See Pliite XTX., Section No. 
3, east end.) 

BUSHVELD PLUTONIC SBRIES. 

This series is represented by pyroxenites, described by Hatch,|| which 
occupy an area of approximately 200 square miles, bounded on the north 
by the Dwarsberg, east and west by the quartzites of Zelikatskop and Piet 
Zyn Kop, eitending southwards to Mayerskop. South of Mayerskop to 
the foothills of the Zeerust hilly region is a considerable region in which 
no outcrops could be found. In the pyroxenite area outcrops are numeroua. 
This rock is capped by a porous rock containing numerous veins of opal. 
This rock is probably of igneous origin, and formed the original ooveríng. 



Irans. Geol. Soc, S.A. (1904), p. 4. 
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The pyroxenite overlies the Pretoria Series, whioh dip beneath it from 
tljo north 30°, from the west (Rietkop) 8° to 12**, and from the east 
(Zelikatskop) 10° to 30°. It is found also in the Spriiigboklaagte Valley 
on the east side of the narrow quartzite outcrop. Siniilar rock has been 
described by Hatch,11 far to the east of the Marico River anticline at 
Junskop. 

MORE RECBNT VOLCANIC ACTION. 

On the boundary between the farms Goudini 177 and Roodekopjesput 
322, between the pyroxenites and Pretoria Beds, a large outcrop of voloanic 
breccia occurs, forming two small hills, east of which is a semi-circular 
dyke of the same material. This ernption ha« disturbed the underlyiníjj 
strata to a great extent; between the two outcrops, shales belonging to 
the lower portion of the Pretoria Series, much metamorphosed, interstrati- 
fied with narrow bands of altered dolomite, outcrop, dipping at high 
angles, 35° to 60° towards the centre. 



CONCLUSION. 

From an examination of the area described in this paper, one is able 
to draw the following conclusions : — 

1. That the extensive occurrences of igneous rock (dolerites, etc.) 

assooiated with the Pretoria Beds are in part contemporaneous 
with the series. They have been shown to have participated in 
the faulting and folding of the accompanying stratified rocks, 
both here and in Pretoria District. 

2. The pyroxenites of the Bushveld igneous complex in this area have 

been laid down after a good deal of the folding of the Pretoria 

Series had taken place, and are therefore more recent than the 

dolerites. 

Along the soutbern edge of the Bushveld basin dolerites of the Pre- 

toria Series are liable to be confounded with the later rocks of the 

Bushveld complex. Kynaston in a recent paper * remarks, " Tho igneous 

rock whích immediately succeeds the Magaliesberg quartzíte being 

identical with that constituting the intrusive sheets below it." The same 

is the casc with some of the igneous rocks found in the Rustenburg Valley, 

which have been classed with the Bushveld igneoué rocks. 

ir Loc. cit., p. 5. 

• Trans. Geol. Soc. S.A.,v6\. viii., p. 60. 
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